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0^ piast several years^ scientists and science educators : 

f/);;iliay^ he^d to emphasize the processes pf^ science as unlqiie f 

^^ri^iuid^ c^ or content of science, ^, As; a result^ nfaay 

l^l^sclenciB cu^ have Incorporated science processes as .^ai tisachlrig 

^ ; 1968, the Pennsylvania Department of. Education (PDE) embarked 

. on a statewide thrust to assist elementary teachers in a -transition 
Into some of the newer methods of teaching science. This effort was 
called Science for the Seventies (PDE, 1971). In 1972, The 
Pennsylvania State University and PDE_^devlsed a system for using . 
instructional television as a "^maj or resource in the diisseminatfon | 
and implementation of Science- for the Seventies (SFTS) fcj?: elementary 
''school classroopis throughout Pennsylvania. (Shrigley , Alf ke , Szabo , 
.^and Welliver, 1975) - 

It encompasses a teacher's guide which deals with . the-pedagogy-^ 

.of contemporary elementary science education, a growing set of primary- 
and intermediate grade science lessons, ten fifteen-minute televised 
progifams for use with primary grade students, ten twentyr-minute " ' . 

:v t^^ for use with- intermediate level students, ^ive 

televised programs to help, teachers use SFTSr-ITV Handt^ook 
f^ Teacherg. which provides an orientation and iristructidhs' in the use 



, of the resource (PDE, 1975). The function of- SFTS in .the science 

... " . * ^ . 

curriculum is summarized as having tHfe following role: . ^ 

■ ^ STTS, including both' the TV components and' the priti'ted 
* materials, is not-a K-6 science. curriculutPi, rat*her, it 

a resource for 'teachers. The philoso^nSr of-SFTS is * 
compatible with such. inquiry -programs as SCIS, ESS, 
^ ^ and S-APA. Therefore, SFTS- could serve as either a , 
bridge oi^gj^ supplement to^any of the three, programs 
mentioned??^'**^ . . . ^ " ; \ t 

,^ Secondly, SFTS could be the model around which a 

school district could^build, ^over the years*, a:. K-6 •' 
• inquiry-type science curr'^'culum. This would mean - ! 

adding many lessdn components to the 25 published by 
PDE. *^ - . ' ' ' / . * ' 

Thirdly, SFTS could be the inquiry component to a . ' ' 

conceptually oriented science curriculum.. Teachers 
could pick and choose those lessons that reinforce 
an already estaHlished curriciflum.. - * 

Fourthly, the SFTS tapes and the accompanying lessons, 
^ plus SFTS lessons published but aot placed on .tape, 

comprise enough materials to provide four-month i> 
springboard to science for fieW primary grade teachers 
in a school district'.*^ Or a ^school district having no 
ongoings science curriculum might introduce all of -its. 
primary teachers (and perhaps intermediate teachers) 
and p^upils to investigate science teacTring through- tfie 
/ four-monthi.SFTS resource. (Shrigley, et al. , 1975, p. ,501) 

One of .the Stated objectives of this , statewide ITV resource 

emphasizes science processes: ' y^^- 

Following- the ^broadcasting of ^¥^S oriented tele- 
vised lessons-, children in partiaipating^ class- , / 
rooms will exhibit a measurably significant; increase 
in their f^ility in the use of science processes. 
(SFTS Phase I Project Report, 197A, p. 21) 



Relative to the. above tefr^rainal performance objectfive, a tentative 
projected performance -measure was drafted: 
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• AV'televised test will "reveal increased student ^ . 

competency in the use of science processes and ' ^ 

attainment of ai^ms and objectives. £f SFTS. / . 

(SFTS Phase I Proj.ect Report*, 1974,- p. 24) ' . '. ' ' ' 



Several tests have been developed to assess the acquisition of ' 
. -those skills and abilities collectively described as science process. 
..Some of the tests arfe the, S-APA (Science — A Process Approach), .> 
-^' Scieitce^Process Instrument (SPI) , American^Ttes6t:iation fo^ the 
Advancement of Science, 1970;' the Processes of Science Test, ' 

' ^ ^ \' ' "V ' ■ ■ . ' ^ 

Biological Science Curriculum Study, 1962^; The Science Process Test 

\ — ~~- ' , ■ " — ~ — ~~ 

. -(TSPT), Ludeman^ 1974; the Science' Observation and Comparison Test ^. 
(SOCt) , Hungerford and Miles, 1969; the Science Test for 'Evaluation of 

» • ■ ^ ^ t , . p. . , , 

Process Ski^llg (STEPS) , ^Morgan, 1971; the 'Test of Science Processes (TSP)., 
^^^^anneijibaum, 1968; and' the science test of the Comprehensive Tests of * 
. Basic-Skills CCTBS) , McGraw-Hill,, 1973. ^ 

Once the decision to use a test of science processes to gather data . 
•about intermediate grade school children in Pennsylvania was made by - 

t • - ^ c . • = • • ■' . " 

members of th^ Science, for- the Severities Committee, several tests were"^ 

investigated for possible us^. No test 'review^ possessed the 

comibined requirements -of being valid for use by intermediate level-', 

Students at\d for use via the television medium. However| the Available 

tests purporting to measure science processes, the Te'st of Science 

Froce$ses (Tannenbaum-, 1968) was judged- to be adaptable for intermediate 

■ K ■ ' - . ^ . ■ . ■ 

grade u§^.because it was an instrument at least^possessing content 

validity. (See Appendix A for letter of release-.) Also the processes 

.■ •. / ■ - ■ . , ^ ■ . ' 

categorized as subtests by the author encompassed most of the prociesses 



listed by science- educators. Most applicable to the SFTS objectives - 
was its visual presentation mode which had implication for the 
television format. A television format has.,t;he advantage of 
providing repetition, clarification, jslM motion cues to the 
questioning procedure. • There were two reasons why the Test of Scien ce . 
Processes in its original form, was not appropriate for use as tlt^^ assess- 
ment Instrument for the SFTS: (1) the test was designed for junio^ high 
school level, and (2) it was designed for 2x2 35mm slide presentation^ 

Statement of the Problem 

Because television is a major compone^it of the SFTS resource, ir 

was logical for a test to be produced in the came medium. A kelevisiot\ 

test would complime?it the total SFTS television package, would "provide 

a free testing resource to teachers and administrators^ and would 

■ " - ' * ' .■ 

provide uniformity in test administration. Television provides the 

. ■ • ■ ■ ^ ^ 

least expensive delivery system forfhe presentation of the visuals 

required in the testing situation. ; . 

* •*• '' '.*^* 

There are two 'aspects to the problem investigated in this study. 

First, could the Test of Science eProcesses be modified for use by 

intermediate leve^t students; ^nd second, could the TSP be adapted 

for use through the medium of television? The adaptation of an 

..existing instrument involved a replication of the steps used to create 

the initial instrument as well as the, addition of several new steps 

unique to the production of the second instrument. These steps were 

to derive content validity, to produce the print and non-print 



components, to establish the reliability through item analysis, to 
empirically validate and to establish norms. 

Assumptions 

. Certain assumptions must be stated in order to justify the 
modifications and adaptation of the Test of Science Processes . 
Selection of Item corttent as content valid process questions rests 
on the assumption that the TSP is a reasonably reliable and valid 
instrument for assessing achievement in' the use of science* processes 
for students in grades seven, eight and nine. 

Validation of the modified instrument, the Television Test of 
Science Processes (TTSP) , requires correlation with other instruments 
purported to measure science processes. The tests used for this study 
were The Science Process Test (Ludeman, 1974) and the Comprehensive 
Tests of Basic Skills , Test 9 (McGraw-Hill, 1973). A statement of 
concurrent valioity Is built on the assumption that The Science 
Process Test is a reasonably reliable and valid instrument which 
assesses students' ability to use the integrated processes of inter- 
preting data, controlling variables, formulating hypotheses and 
defining operationally as defined by S-APA. A third assumption is 
that 'the science test of the Comprehensive Tests of Basic Skills is 
a reliable and valid instrument which assesses student's ability to 
investigate problems in science and, to a lesser degree, to recall 
scientific facts or concepts. 

it 
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f the Project 

■ ;> • . 

Bvlslon Test of Science processes (TTSP), relative to the 

the Seventies ITV resource, has several potential 

1) provide pretest entry data In an empirical study to 

effectiveness of SFTS exposure, (2) survey general student 

rformance on science processes on a statewide scale, and 

additional evaluative instrument to assess mastery of 

esses. ' ' • , 

re general sense, production and validation of the TTSP 

seful addition to the small number of tests of science 

ailable to educators. The Instrument is unique in its 

dality. It should be a valuable resource for elementary 

hers and administrators, researchers in elementary science 

nstructlonal developers working with television projects 

y science, and should' provide a valuable source of data. 

ng research in elementary science, process testing, and 

esting. 

>f Terms 

ds — Electronic Data Processing cards, commonly called 

e 

:1c Density — a ''method df generating a readability measure 
use o^ a computer program that synthesizes phrase and 
istruction. 

I — the skill and cdrapetency required for systematic 
Lnvestlgation. lo 



Product — the content or body of cognitive knowledge of a 
discipline. 

Multiplexer system — the hardware' used to enable a television 
camera to receive images from several projection sources. 

Cross-channel redundancy — the presentation of identical' 

■ r 

information through the auditory and visual channels. 
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CHAPTER- II 
REVIEW OF RELATED LITERATURE 

Introduction 

This review of literature surveys those topics deemed most 
relevant to the central elements of the project. No attempt w^s 
made ■ to review the literature relative to aspects of the methodology 
of test construction. Tannenbaum's format for test development is 
the "blueprint" or two dimensional matrix suggested by Travers (1950). 
This aspect of the project is repllcatlve in nature. 

The present review is subdivided into five sections:' the- value 
of teaching science processes, defining science processes,* tests of 

science processes, the Test of Science Processes , and television 

v> « ■ . ■ 

testing. The first area of review explores the pedagogy relevant to 
science processes. If the process is to be tested, a case must be* 
built supportive of the process as a variable worthy of assessment. 
The value of the testing instrument rests wholly on its ability to 
contribute to the needs of relevant educational problems. Ennis (1963) 
suggests that process abilities require new approaches to testing. 

A second area of review deals with the meaning of science 
processes. In order to test th^se processes, there must be general 
agreement as to what constitutes these processes in total or in 
discrete components. Certainly, content validity cati be acceptable 
to the academic community only to the extent that there is agreement 
on what constitutes science processes. ** 

17 



tei^m^^^^^^^ ■■ ■■■■ ■ • ■ . • : : ; 9 ; 

' 'i- ' ' ' ■ •• ' * « ■ ' ■ .. * ...••"*>•**■ 

l^lf^f -p ' A .third area is a 'review of tests of science processes. The • 

^?^5v:^;i*Wject' grew from :a need for an intermediate level science process 

:|^:?i^t^ the existing instruments found no test instrument * 

id especially suited to the needs of SP^ 

^ - i : ; • . A f o^^ area is a review of the Test of Science Processes (TSP) • 
^\ ■ Whereas ^ t central to the TTSP in both theory and 

/practice, an in-depth understanding of the rationale and methodology 
of the TSP contributes to the data base underlying the entire project. 

The fifth area of review is television testing. A survey of 
television testing to date provides valuable iftput for presenting a 
testing situation via television. 

The Value of Teaching Science Process 

In recent years, science process as a discrete entity or as a 
collection of unique and identifiable variables has become a subject 
of muc\ educational interest. Some scientists and educators have used 
such terms as pi^lern solving, discovery learning, or inquiry to 
characterize the science processes (NSEE, 1960; Kessenv, 1964; 
Blackwood, 1964). Regardless of the terminology used, an attempt to 
differentiate the two kinds of learning has been made; that of 
"product" and "process." The distinction between the product and the 
process of a discipline is stated as: 

■- • . 

The traditional aim of instruction has been know- 
ledge. Psychological research into learning, 
however, has found the need to consciously develop 
a system in the learner whereby he can learn. 
This •process* of learning, the skills and attitudes of 

18 
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learnings has come to the forefront in modern 
edutational research as a goal equally as impor- 
tant as the attainment of the desired knowledge 
the ^produr:t\ (Torrence, 1969, p. 12)^^ 
' ' J ' ^-A • '.■ ~ 

It is generally agreed that the introduction of science process 

into the modern science curriculum is an innovation which has occurred 

recently. Contrary to this belief, however, is an assertion made by 

Harvey (1902) which expressed the belief that the procedure of 

investigation was the most significant contribution to education made 

by science and that these procedures had additional value in. being 

able to be applied to other areas of human activity. 

Raskin (1956) 'and Rutherford (196A) have emphasized the under- 
standing, of the nature of science by stating that critical thinking, 
problem solving, discovery, inquiry, and other science processes 
should be foremost in the teaching of science. Gruber (1962) states 
that educators should allow the student tq, experience the science 
processes in order to learn how science knowledge is obtained. In 
^ Gruber^s view, instruction in the accumulation of facts would limit 
intellectual development and impair a student's ability to solve 
problems. ' . " , 

Evans (1953) advocated the teaching of science process as it is 
related to science technique and knowledge. Separation of knowledge 
and process would not only dilute the functional value of scientific 
knowledge already established, but would inhibit the dissemination 
of the science processes. Blackwood (1959) believed that students 
sskii^led in the processes of science could become more scientific in 
problem solving. " , 

4 
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«els6n (1959y addresses the question of what science^edu^^ 
^^j^lfey^^td pfimary ■ objectives^ in::th ^curric^^ 

The object i^^ 

rJ;:VV^.f means; priinarily^'orga^ 

..-yj • the';,iearning -of :;^actsV \^ ■ ' '^ ' 

:^ ^ would " be ;the mkjQ;r .ac^ : . 

1^;;:::^; . ; XteacHers ^rid students, ough^^ ■■ v 

> - sciaice invblyes : the acqiilsitiori ;of.^^ J - ^ 

: V .abilities arid skills, then teaching ; ' ; • V 

i^^ ^ ' . ' situations , conducive to -the^atta&m^ ' ; 

abilities and skills ^cugiht to constT^ : : ^ 

aspect science teaching. .(Nelson, 20) 

";>it^can be argued that if emphasis is placed on the how ah^^ 

. : atmosphere^ bf-lnquiry and investigation, the students will then be. 

encouraged to develop resourcefuiness in the solution of new problems 

confronting them outside the clf^ssrobm. 

Piaget has had a substantial impact on educators7~^Followi^ 

• some of Piaget 's comments in respect to the aims of education and 

the importance of teaching "process": 

■ ■ " ■. ■ . * . • . 

The goal in education is not to increase the amount 
of knowledge, but to create the possibilities for a 
child to invent and discover*. the principal goal 
of education is to create men who are capable of 
doing new things, not simply repeatlrig--what other . . 
generations have done — men who are creators^, , 
inventors, and discoverers. ...we need pupils"--.^ 
who are active, who learn early to find out by \ 

*f themselves, partly by their own spontaneous . " -.^ 

activity and partly through materials we s^t up for 7\. 
them; who learn early what is verifiable and what is \ 
simply the first idea to come to them. . , > 
. (Duckworth, 1964, pp. 174-175) 

Tyler *(1962) advocates the importance of the mastery and use of 

the science processes as tools which the Individual uses throughout 

his lifetime •'in'^order to "make sense" out of the universe: 

■ • ■ ■ ' 20-._. 
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If students are to understand science and contrl- - 

bute to its Intellectual development, they need 

to understand it as a process of continuing 

Inquiry and reconstruction of knovledge. ...a 

science course becomes an introduction in 'learning 

• how to learn' science, an effort to start the 

- student on a lifelong endeavor to make sen^e out of 

his experience with the material world, and the " ' 
observations made of natural, phenomena, 'as well as 

; environment. (Tyler,\l9$2, p. 24) . ^ 

Bruner (1961) also advocates the Importance of teaching science 
process » but questions what should be taught in order to gain the 
best effects: 

It is ray hunch that it is. only through the . . > 

exercise of problem solving and the effort of 
discovery that one ledrns the heuristics of 
discovery, and the more one has practice, the' 
moire one is likely to generalize what one has ' 
learned into a style of problem solving or 
^ inquiry that serves for any kind of task one niay^ 

encounter — or almb.st .any kind of task.,; . i .what . 
is. unclear is "T^7haiE" kinds of training a^d teaching - " 
produce the' best effects. (Bruner, 1961, p. 31) 

Bruner feels that learning sp<2ciflc skills of science , process is 

not enough. There are certain attitudes which^pne must, possess in 

order to gain use of the science processes for application to other 

problems that may be encountered: 

. ■* * . 

...an understanding of the formal aspects of inquiry 

is. not sufficient. There appears to be, rather, a 

seri^ of activities, some directly related to a 

partlcth^ar subject and some of them- fairly generalized, 

that go wl^ Inquiry and research. These have to do 

with the' proc^.ss of trying tp find out some,thlng. 

( Ibid , p. 31) - 

There is general agreement irhat^^ an emphasis on process should 

be implemented in modern -^curriculav^ This emphasis is expressed by new 

■ X ■ . . 
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curricular programs both in science and also in social studies. 
While educators and learning theorists are^in agreement on the 
benefit of including process in the curriculum either as coequal 
with content or to the exclusion of^^fiontent at the elementary* level, 
there appears to be basic differences in their perception of the ^ 

teritt "process i^V 

... - . . ■ . ^ . • » 

Defining Science Process \ 

Many individuals have attempted to define science processes. As. 

early as 1892, Jevons (1892) stated: [..^. 

In every act of inference or scientific method 
we are engaged about a certain identity, same- 
ness, similarity, likeness, resemblance, analogy, 
equivalence or equality apparent between two 
objects. (p. 1) 

G ■' ■ - 

Jevons characterized science processes as identity ahd . diffei;ence, 

inference, inductivd and deductive reasoning, rae4surement,* observation, 

experimentation, hypothesis, prediction, aria classification. 

Gagne (1968) defined sciience process as a highly complex set of 

■ o * . 

intellectual activities which .are analyzable into simpler activities ' 
and which then may be learned. Processes are forms of information 
processing; activities which are carried out in a quest for scientific 
knowledge. Gagne believes that in order to attain the capability of 
enquiry, an individual needs to learn how to observe, how to figure, 
how to measure, how to orient things in space, how to describe, how 
to classify objects and events, how to infer, and how to make 



conceptual models. If these skills are inastei»ed, the Individual will 

• ■• ^ ■ . ■ , ". . ■ ■ > ■ - 

;U86 them all his life. ' 

. " ■ ■ •- ' . * ■ • . ' * • 

Vbi^tis (1966) described science processes as tools which enable 

man' s /ablllities of ^observation, reasoning and boimnunication to be used. 

sHe emphasized the applicability of these processes to other, areas of 

endeavor. Atkin (1968) believed prdcess to be the same as problem 

• ■ ■ '■ • ■ ■ .• " . . y ■ : ■ 

solving, scientific method, and inquiry. • Conaiit (1953) defined the 

processes of science as activities, skills and tools of ^research which 

--- * . 

an individual may use in his investigations. 

The A merican Association- for the Advancement of Science (AAAS) . . 



(1964) listed eight skills^ and abilities as constituting the SLCience^ 

■ - ■ ' ■ ■ \ 

processes: (1) recognizing and using time/space relationships, \ 



(2) recognizing and using number and number relationships, 

(3) observing, (4) classifying, (5) measuring, (6) communicating, ' 
(7) Inferring, and (8) predicting. Shamos (1966) characterized 
science processes as including: (1) observation, ,(2) classification, . 
(3) measurement, (4) description, (5) comparison, (6) discrimination, 
(7) experimentation, (8) evaluation, (9) ^interpretation, and 

(10) prediction. 

^ Keeslar (1945) compiled a list of ten major elements of the 
"scientific method" from lists submitted by twenty-two scientists at 
the University of Michigan. The^ elements were: iX). sensing a problem, 
(2) defining a problem, (3) determining the facts and clues bearing 
upon the problem, (4) making tentative hypotheses, (5) selecting the 



fnosS^ planning an experiment to teist the hypo- 

litjfieais^^ the hypothesis, (8) replicating the experiment for 

q:5y|Brifi^^ a conclusion, and (10) making inferences 

i'Jt)ised\6n"";conclusion. .. " •' i' .. 

ivj v j Hogan defines processes of science as "those skills and 

incompetencies necessary for deliberate and systematic scientific- ' 

v^liquiry (Hogan, 1969, p. 6)." M^Leod, Berkheimer, Fyffe, and • 

f Robinson (1975) say that: v ; . 

...an ability to'' use the processes 'tequires dn^ 
assimilate information, process that itiformati^^ ' 
and make an intellectual step beyond the information 
given. (McLeod, et al. i 1975, p. 416) ; . 

William Kessen (1964) list? the processes of scientific enquiry 
as: (1) stating the problem, (2) observing, (3) comparing, 
(4) classifying, (5) mea^^urlng, (6) experlment^.ng, (7) hypothesizing, 
(8) evaluating, and (9) drawing conclusions. He bell,eve3 that in orde 
to attain the capability of: enquiry, an individual needs* to learn how 
t^ observe, how to figure, how to measure, how to orient things in * 
space, how to describe, how-to classify object's and evenfs, how to 
infer, and how to make conceptual models. If these skills are 
mastered, the .individual "will use them all his life. , 

The questions of the TSP. reflect the processes enumerated by 
Tannenbaum in his "blueprint." They are essentially parallel to those 
-of the AAAS and are: (1) observing, (2) comparing, (3) classifying, . 
(4)^ quantifying, (5) measuring, (6) experimenting, '(7) ' inferring, and 
(8) predicting. 



;* ./ While there is much emphasis^on the need to provide learning . 
: ex^rlences in the use of science processes, it can be inferred from the 
• review of 'the literature that there seems to be little agreement, on 
which skills and abilities comprise science process. A multiplicity 
. of defjtnitions for process . aire in use. Table 1 summarizes the skills 
■f' and abilit:i|^.or processes described or enumerated by educators or - 
curricula which form the basis. of their respective .definitions. While 
several of the processes are not mutually exclusive, they have been 
listed as somewhat^: unique within the description, of Its author. 

This imprecision of defirvition creates a question as to which ? 
skills and' abilities cfanst.itute science pro*cess; are these skill? and- ' 

.abilities unique in an.empirical sense; and, wha^t performance should be 

» - ■ ' 

assessed in a iscience process test. 

Tests of Science Processes 

Although there are several "packaged science programs and texts 
emphasizing the acquisition of science process skills such as Science • — 
A Process Approach (AAAS, 1967) Science Curriculum Improvement StudyJ 
(SCIS, 1970), the Elementary Science Study (Duckworth, 1964) , and the 
Conceptually Oriented Program in Elementary Science (COPES, 1966) 
^among'the more notable, few tests of science proc^ess have been 
developed. The existing tests of science prdcesses and a brief ' 
description of each are reviewed. 

; The' Science Process Inventory (SPI) by Welsh and Pella (1967) 
is designed ..to invantory the knowledge of the processes of science 



• TABLE 1 ' •. ■• .. 

Processes applicable to selected educators , educational . 
psychologists,' and science curricula . ^ . 
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possessed by secondary school pupils. The test consists of one 



: hundred, fifty statentents pertaining to- the assumptions, activities, 
; products, and ethics of science. Students express agreement t or disagree- 
f* ; m each of the statements. • The students* responses are^ assumed 

Jp; to indicate their knowledge the idea contained in each of the 

■^. ■ y statemeixtSm Student responses- are ^feeyed with a descriptive outline and 
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||j^;;>.dh research scientists. Total scores are 

^^^ •->'c^ adding the^ number of agreements with the standard key, 

[^rH::V/ the test was normed on one thousand, two hundred, ^eighty-three 
^5^>:y; Students in grades ten, eleven, and twelve, A reliability . 

V coefficient of .79 was found.. The authors reported tjhat the SPI 
, discriminates iix the expected directions when'groups with suspected 
' varying competency in knowledge of scientific processes are tested. 

jV-- This information lends suppiort to the validity of -^the instrument. 
The practical considerations of economy; convenience, and 

V ; of importance in the selection of appropriate test 

instruments. The SPI can be administered within a typical class/^eriod 
. with the students completing the test in forty-five -minutes. The test 
can easily be scored by hand or by machine scoring. It isalso easy to 
. administer* in that administration directions are simple. Several 
limitations of the test were listed by the authors: (1) there is a 
' , possibility that removing a statement ^ rora the context of the descriptive 
outline may change its meaning or cause ambiguity; (2) expressing a 
topic as complex as science process 'in a language appropriate to high 
school students roay change the original meaning; (3) the SPI is based 
on the authority of a sample of scientists. As such it may be valid 
for the opinion for this^^^uthority, but not valid for the opinion of 
all scientists. The controversial nature of the subject imposes 
. :' restriction on the validity of t he ^ instrument. (Welsh and Pella, 
: 1967, p. 67) _ 



The Science Obsetvatlon and Comparison ^Test (SOCS) by Hunger ford 
; and Miles (1969) Is ;an instrument designed to measure the science 
process skills of observation and comparison. Although constructed for 
junior high school use, the authors believe It to be ^appropriate for 
intermediate grades as well. Students are required to make observations 
and comparisons on real stilentlflc objects and to communicate their 
findings, either orally, in writing, visually or a combination of these 
modes. On the observation portion of the test, students are asked to- 
make an accurate visual reproduction of a particular specimen, noting 
structural details and labeling their drawings. Scoring on this, 
portion is in three dimensions: (1) the excellence of the drawings, 
(2) the communication of morphologic features, and, (3) the labeling of 
structural parts. On the comparison portion of the test, only the 
ability to discriminate differences is required. A raw score of three 
is given for each.! reasonable and accurate comparison given by the 
student. 'The comparison part of the test can be used either indepen- 
dently or it can be added to the observation totail for a gr^d total. 

The test was piloted on eight heterogeneous seventh grade science 
classes. Interscorer reliabilities ranged from .83 to .94. Test- 
retest reliabilities, with a four-week delay, ranged from .39 to .68. 
Alternate form reliabilities ranged from .25 to .59. While this writer 
questions the value of these correlations, the test authc^^s concluded- 
that the SOCS Test can be scored reliably. They further state: 

The test-retest reliabilities, both with and 
without training, appear high enough to warrant 

29 - 
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use of the test for research and classroom purposes. 
The atltemate form reliabilities for the most part 
'seem high enough to warrant use of the two forms 
fot^-iUTje-post type designs. (Hungerford and Miles, 



/ 



^1969, \p7-65)^^ 
The^validity estimate compariiig^tlie^SOCS Test scores with teacher 
ratings yielded ^jr's of .65, .43, .34, and^r6l%-^JChe aiithbrs concluded 
; that the teacher! ratings correlation and the increase^ liPscores with 



training lend support to the validity of the te'st, 

. The authors give no information as- to the practical considerations 
in using thfe. test. V It would appear that the testing time would vary 
considerably according to how quickly students draw the particular 
specimen. Certainly^^, scoring this test would take a large portion of 
time ^given the format of the test. Difficulty in scoring may be a 
problem in that thereVappears to be little .in the way of a clear 
criterion reference] \ ^ 



i ■ \ 
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The Science Prdcess Instrument Xsri) by the American Association 
for the Advancement of Si^ciente was constructed to accompany the science 
curriculum. Science — a\ Process Approach (S-APA). It attempts to 



ascertain the abilities ox the learner in the following processes: 
observing, classifyirg, measuring, using numbers, using space/time 
relationships, inferring, ^ommuiiicating, and predicting. 

The learner is presented with specified materials arid is asked 



to perform a task reflecting one of the sequential behaviors cited. 

is si 



The learner's response 
' by the examiner. The 



ored either as acceptable or non-acceptable 
manuall lists all acceptable responses. The. 



administration of the test requires some special training. Extensive 



; preparation is necessary in that the tester "must be thoroughly 
familiar with the. format of the test, with the materials used, and 
with the method of scoring." (AAAS, 1968, p. 25) 

This instrument was used. as a research tool for phase I of > 
S-A?A and was terminated with the end of Phase I. Statistical data 
for the test were not published. « . ^ . ^ 

Test 9 of the Comprehensive Tests of Basic Skills . Expanded 
Edition, published by McGraw-Hill (1973) is a science test comprising 
thirty-six items designed to "assess a students' ability to investi- 
gate problems in science and, to>a lesser degree, to recall scientific 
facts or^concepts (Examiner's Manual, 1973, p. 5) The skills 
enumerated are the abilities to classify objects, to measure or to 
-quantify, to recognize a trend in data, to recognize a valid hypothesis 
drawn from presented data, and to analyze an experimental design. . 
Level 2 is designed for grades 4.5 to 6.9. The emphasis in the- process 
dimension is on the measurement of comprehension and application of ' 
concepts and principles rather than oh the measurement of ..content . 

- Development of the CTBS was ^through generation of test items by' 
teachers of appropriate grade levels, curriculum specialists and 
McGraw-Hill staff members. Reliability and norming data were amassed 
from" eight thousand, six hundred students in 1972 and revised with 

additional samples to reduce racial and ethnic bias. Norms for a 

■ ■ . ' > * ... ' , ' 

nationwide population are expressed as raw scores to grade equivalents, 
percentile ranks, and stanincs in a CTBS Examiner ^s Manual . The 
Kuder-Richardson reliability for the test for grades 4, 5, and 6 are 
♦79, .83, and .86 respectively. 
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. '" The Science Process Test (TSPT) by Ludeman (1974) is designed 
to: test students in grades six or seven on their abilitjr^ td perform the 
four integrated science processes defined by the American, Association / 
for the Advancement of Science: formulating hypotheses,, de^fining. 
operationally, controlling variables, and interpreting data. The TSPT 
was developed by Ludeman, Fyffe, Robison, McLeod, and Berkheimer at the 
S.cience and Mathematics Teaching .Center of Michigan State University, ^ 
Copyright date for. the test' is 1974 and negotiations for commercial 



publication were not completed as of June, 1976. 

The TSPT is a paper and pencil power test composed, of thirty-six 
items inclusive of a test. booklet and machine scoreable answer sheet, 
Ludeman found that ; students became restless and lost their concentration 
when the number of items exceeded forty. Content or face validity was 
replaced by a procedure known as external criterion references valida- 
tion. Ludeman, et al. (1974) states: 

Using this procedure, items are included in the test 
-on the basis of the requirement that childre?:i's 
performance on each item be highly correlatecKwith 
their performance on the external criterion. \p» 2) 

The external criterion for the TSPT is* the Individual Competency Measures 

of Science — A Process Approach. A major .element in this design is the 

assumption that the Individual Competency Measures do, in fact, 

measure those processes. The correlation between the TSPT and the 

S-APA-ICM was .83 with an N of 52. The criterion for item selection 

for inclusion in TSPT was the requirement that-: (1) all alternatives 

have been chosen by some students; (2) the context of the item allows 

. • . 32 " 
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i its use ^ In some cases » since more than one item was based on a given^ 
it context, the group of Items had to be included or excluded in toto ;' 
^^3) the difficulty of each item (proportion of students missing the 

item) was required to be between .2 and .7; (4) using the Individual 

• ■ . ' . ' -"^ ■ • - ' ' - ■ ■ 

Competency Measures scores to define the "upper twenty-seven percent" 

and the "lower twenty-seven percent" groups, each item was required 

V to have a minimum discrimination of .2; (5) the correlation of students' 

scores on each , item with their scores on the Individual Competency 

Measures was required to be" .2 or greater. (Ibid. , pp. 3-4) 

Norming ^as conducted in the Spring of 1974:on one thousand, 

three hundred^ one students from a random selection of twenty schools 

in Michigan and Indiana. There was a broad spectrum of science programs 

represented in the selection. Readability is cited at lower sixth/ 

grade level. The Kuder-Richardson reliability was given at .84. These 

tests represent the first attempts by the academic community to assess 

the processes of science. / \L 

The Test of Science Processes 

~ ' * " \. " . : \ . . ' '■'>.■■■■ ■ 

; ; - The Test of Science jPrdcesses (TSP) by Tannenbaum (1968) is an 
Instrument "to assess achievement and diagnose weaknesses in. the use 
of science processes by students in grades seven, eight, and nine 

: (Tannenbaum, 1968, p. 2). It consists of ninety-eight multiple choice, 
five option questions requiring a maximum testing time of seventy-three 
minutes, a test booklet which is printed in black and white, 35mm 
color slides for the visual cues, arid an answer sheet. ^ (See the complete 
Test of Science Processes in the pocket of the thesis binding.) 

■ 33 ■ ■ . ' ■ 
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;/ .Taxmenbaum eniimerated the Unique science processes and the 
; and nine th grade students were expected 

: to perform from a variety of grade level textbooks then currently in 
: use^ Currlcular validity for the statement of processes was 
ascertained through twenty-two questions submitted to thirty science 
educators meeting any of several requirements of teaching experience, 
publications, recommendation by Columbia University faculty, and job 
description. This produced a final statement of fifty-three behaviors 
under eight processes and was used in his "blueprint'' for the Test 
. of Science Processes . 

~ The "blueprlnt'V for the TSP ifi.a statement of philosophy supported . 
by relevant literature arid a llstitig of the processes and their assigned 
behaviors. A general philosophic ^suimriary of Tannenbaum*s position 
is stated by the AAAS: (1) the scientists* behaviors in pursuing 
science constitute a highly complex ^et of Intellectual activities which 
are, however, analyzable into simpler activities; (2) these Intellectual 
activities (processes) are, as most scientists would agree, highly 
generalizable across scientific disciplines...; (3) these Intellectual 
activities of scientists may be learned, and it is reasonable to begin 
with the simplest ones and build the more complex activities out of 
them, since this seems to be in fact the way they are organized 
(AAAS, 1965, p. 'A). An abridged summary of the processes and their 
respective behaviors are shown in Appendix B. 

On the basis of the "blueprint," Form I of the TSP was written 
comprised of ninety-eight multiple choice items; each item consisting of' 
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choices. It waa'l^clinlnlstered to 156 seventh, eighth^ and ninth grade 

students In a Bronx, New York public Intermediate school In January, ^ 

1968. . Ah item analysis was performed and Form II was drafted: 

The nlnety-slx Items and printed Instructions were 
type TTTitten (vrLth right-hand justified margins) .and 
the color slides (except for those for questions one 
through twelve on Form II) were converted to tables 
or black and white prints,' The correct answer^ to the 
Items were randomized using ^ a table of random numbers 
and the questions were arranged In a "saw-toothed" 
order of Increasing difficulty wlt^hln each subscore 
(based on the difficulty of the item when Included 
on Form I). (Tannenbaum, 1968, pp. 57-58) / 

. : ■ ■ ■ ' ■ ■ ■ . , / . ■ ■ 

Form II was administered to three thousand, six hundred, seventy- 
three seventh, eighth, and ninth grade students from Rockland County 
and Bronx, N^w York in February , 1968. For each student, there were 
nine raw scores reported — one for each subscore and one for total 
score. Scoring keys can be found in the pocket of the thesis binding. 
The complete results were used to determine the norms, item statistics, 
. reliabilities, and validities and are described and reported in 
Tannenbaum* s^ dissertation. 

Rellabliltles reported are the results of internal analyses of a 

; single administration, of the test using the" Kuder-Richardson Formula 20. 

Test-retjBst correlations and alfernate forms correlations were not 

obtained. Total score reliabilities are shown in Table 2. Process 

subscore reliabilities vary from a high of .82 to a low of .26. 

Tannenbaum recommends . caution in the use of ^subscore reliabilities: 

\ It should be carefully noted by the user that 
while the total test and the longer subscores 
have adequate reliabilities, some of the shorter 
subscores have quite low reliabilities. This is 

■ ■ So , _ ■ . 
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almost surely due to the;Lr short length because W 
their item-item and item-subscore correlations ^ 
are high. However, due to the low reliabilities, 
. oAly cautious use. by trained personnel should be 
made of the shorter subscores. Of course, if in 
a particular administration, higher reliabilities 
can be demonstrated for the population under 
«tudy, then this caution may be waved to the 
extent warranted by the n§vr data. (Tannenbaum, 
1968, pp. 103-104) 
«. • ' ♦ ^ ■ ' • " . . 

; Uhlie the TSP is a power test. It lis timed during administration. 

-Tannenbaum. states his position that: 

\. Although the test is timed during administration 
(cf.. Instructions for Administratioli) , this 
probably had a negligible effect on the performances' 
of the students because: - (1) the time limits were, 
liberal enough to allow most (over "84%) of the 
students to finish, (2) all students were forced 
to attempt all parts of the test, and (3) if they 
finished early, students were allowed to go back 
' and wor-k on any question(s) which they skipped 
" either because of difficulty or time limitations 
in a particular section. (Tannenbaum, 1968, p. 103) 

TABLE 2 . . 

TEST OF SCIENCE PROCESSES 
.TOTAL SCORE RELIABILITY COEFFICIENTS ' " . 



SUBURBAN 



tJRBAN 



TOTAL 



RELIABILITIES 



TOTAL SCORE 
96 ITEMS 



.GRADE 
7 8 9 

.91 .91 .91 



GRADE 
7 8 9^ 



GRADE 
7 8 9 



,90 .91 .90 \.91 .91 .90 

\ 

\ 
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A review of the' literature foiindi a paucity of tests to assess the 
processes of science. The existent tests to date are summarized in 
Table 3, showing the grade levels for which It was designed, the 
reliability coefficient (Kuder-Rlchardson 20, unless otherwise noted) , 
and the size of the; normlng population. 

; TABLE 3 ■ 

SCIENCE PROCESS TESTS WITH ASSOCIATED GRADE LEVEL, RELIABILITY 
AND NUMBER IN NORMING POPULATION 





INSTRUMENT 


GRADE LEVEL 


NORMING 

RELIABILITY POPULATION 


SPI 


10, 11, 12 


.79 ' 1283 


socs 


5-9 


.39-.68 Test-retest . ^ 
.25-;59 Alternate form 


SPI (S-APA) 


Phase I Project 
publication 


terminated, data not released for 


CTBS ■ 


4, 5, 6 


.79-. 86 ' ' - 8600 ^ 


■ TSPT 




.84 ' 130i . 


_^ TSP " 


7, 8, 9 


.91 3673 



None of the process tests summarized are for the medium of television. 

Television Testing 

Little has been done in the way of formalized testing through the 
television medium. Perhaps the lack of usage can be accounted for by 
some previously encountered difficulties vhlch can nov be overcome by 
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ij^iettbetter understanding of classroom educational television and by 
better technological Ixmovatlons within educational television. In 
the pais t, teachers have reported that television receivers are - 
udreliable, time schedules do not allow for television usage, programs 

■ do not fit into the curriculum or a^e not suited to their students, 
schedules of television prograni^ do not . arrive in time or do not 
arrive at alj., the influx of "machines" may replace the teachexj and 
an insecurity may develop in the classroom teacher^ because of competing* 
with' the highly skilled television teacher. Administrators tespondln^: 

Jto a questionnaire which Included the question: -Why do you not use the 
school's television service?" gave the following answers: (1) my staff 
are (is) not lazyy (2) my staff would become lazy; (3) my students would 
become lazy; (4) too much like entertainment; (5) there is no time to 
spate from teaching; (6) if you could cut out the film's and photographs 
and just show a .teacher with a blackboard; (7) if you could jusf^send f 

the script, we could do much more with the material than seeing it on 

'• . ' ■ .■ . ■ i • 

television; (8) there is nothing you can give the students that I cannot 
(Gombes and Tiffin, 1970, p. 71). 

This ^opposition to television usage within the classroom has been 
overcome by equipment which is reliable and easy to use, teacher 
tTa±r/±ng which emphasizes. a better understanding of educational television 
and! the. development of. video tape which allows the teacher to select 
appropriate lesions and time schedules. 

■ I 9 

N~ - - 

Combos and Tiffin (1970) advocate the utilization of television for 
testing, „sugges ting the advantage of such a procedure of pxeventlng^ the 
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tendency of teachers to teach stock answers to stock questions. In 



listing the advantages of testing via television, Pessinger (1969) 
states:** 

^. Close-ups showed important sections of the forms ^ and 
critical instructions received graphic emphasis, 
(p. 19) / • ^ 

• Video tape has improved San Jose's televised testing 
procedure because close-ups, such as those illus- 
trated can be precisely composed and positioned 
in the program something not always possible in 
live production. Further, taped instruction can be 
re-used as often as necessary until there are .. _ 
significant changes in the instructions or the test 
forms. . 

Oyer the years, televised testing procedures have 
been quite successful. Errors invariably mdde by 
students in marking answer sheets have been reduced. 
Use of video tape has increased these advantages — 
facilities requirements -and set-up time, for the * ^. 
television, staff have been materia lly reduced; \ 
standardization of instruction has been expanded 
from a 'room to room' basis to a 'testing date to 
testing date' basis, and test supervision has been 
Improved by allowing the test officer to be in 
direct contact with testing room's. (Pessinger, < 1969, 
p. 20) ^ 



Gross (1969) .makes ^ a strong case for visual testing by pointing out/ 

that the student ^becomes visually oriented and learns the materrial by 

' . ' . ■ * '■ •. ^ • 

visual rather than verbal association by watching television. Thus, when 

the student is tested verbally on visually presented jnaterial, he 

■ y " ■ ' ^ ■ ' V 

be&omes frustrated and his score on the test is not a true measure of* 

what he actually knows With the inflyx of more television teaching and 

the resultant new teaching concepts. Gross (1969) states: 

...it appears obvious that the Dark Ages of testing 
* should abandoned in favor of techniques adapted 

to the new methods of learning. (p. 35) 



.4 ^ '• 

Afters a television course in health education and an accompanying 
'test via television, s^tude^ts were asked to commeht on their reactions 

to visual testing. The following are typical reactions:. — 

■ * 

• I learned from the test, also, because of the ^ 

\ ' pictures. 7 , . . * ; j ^ 

/ I whole-heartedly hope ^that tests in schools .will 

change to the type presented today. I usually 
hate tests, but I enjoyed this one. I get so \j 
ten^e that I forget what I have teen taught. - One 
of the benefits that can.be derived from this kind; ' 

* of presentation is free time for the professor or 

time put to better use. ' ' * 

' • ■ »' • ' ■ I , . 

, I Want you to know how much I enjoyed talcifaig the^ 
^ midterm test Saturday, the 13th.. The test was. - . 
motivating. (Gross, 1969, p. 36) " ./ 

Gross (1969) comments on the advantage's and adaptability of 

television testing: ^ . ' " 

■ ' { Biology television courses could -take full advantage 
of television's close-up properties for testing, by 
projecting microscope slides and asking students to 
identify them. This would be far superior to paper 
and pencil questions such as Mescribe an amoeba\ 
(p. 36) , 

■ * . ■ ^ ■ V • 

The sciences, including chemistry and physics, can V 
also utilize television's visual properties by 
. 'showing actual experiments and allowing students 

to analyze or hypothesize about them-. (Gross, p. 38) 

...visual testing need not be exclusively for ^ 
televised courses. Any- teacher who employs various ' 
visual aids to accomplish his teaching would be 
well advised to consider visual testing. (p. 38) 

In a project reported by Thomas (1975), third, sixth; ninth, and 

eleventh grade students in American Samoa were tested via tejevisiop 

on their listening comprehension of the English f^ngoage. Television 

was chosen as the mode of testing because it saved time, reduced- the 
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testing personnel required I allowed for' conslstant pronun- 

/clatioiiy and eliminated the problem of teachers helping students/ 

ThoiDas (1975) states: < ' - 

: i Jhe people involved in the experiment' concluded 

that the videotape approach^nd-^thc-- pictorial . ^ 
booklets provided a most sarLsfactory solution 
to the problem of group .testing for pupils'' , . 
understanding of a spoken second language. ^ 
(Thomas, 1975, p. 27) " - ^ 

•» ' , ■ . • . ■ 

Hopkins, Lefever, ar^d Hopkins (1967) compared scores of teacher- 

administered tests and television-adiiiinistered tests All the fifth 

and>slxth graders in eleven experimental schools were given a 

." . ' ■ » 

standardized test (Metropolitan Science Test> via closed-circuit tele- 
vision while all other fifth and sixth gi[aders of nine control schools 
were administered^ the same standardized test by an on-the-scene 
tester. The test was given the same day at the same hour. All of the 
students had received identical instruction in science via televisloji. 
since the beginning of the school year. Resulting scores indicatec 
no significant differences, in means for television versus teacher, 
administration. 

Project "NuTEx is a program developed to administer the Natjlonal 

Teacher Examinations via television (I^andis, et al., 1971). fhis 

endeavor was prompted by recent but consistent criticisms concerning 

the heavy reading load imposed by the original test an4 th^; possible 

racial, regional, and class bias inherent in some of *the t^est items. 

Videotape presentatiqn allowed for "stimulus control and e^nvironmental 

' '' 
simulation which promised to be an Improvement over the abstractions 



(pf the pure paper and pencil test. It was felt by the project parti- 
cipants that the use of classroom simulation scenes would do more 
equa;iizing for prospective teachers from disadvantaged or minority 
backgrounds/ The verbal portion of the test was presented with 
white-on-black lettering appearing on the screen with voice-ov^r 
reading of the item for. dual emphasis. The second part of the test 
consisted of a ser;Les of classroom situations taken from actual class- 
rooms, with questions suited to .the situation. The authors of Project 
NuTEx comment, about their development of television-based testing: 

One can project many fascinating possibilities, 
but the contribution that television will make 
toward improving our current evaluation procedures 
(the classroom behavior) rests on the degree to 

whieh— long-time testing professionals, whose 

training and interest are now almost entirely 
centered on paper and pencil measured, become 
convinced that this new medium has merit. 
(L^ndis, et al. , 1971, p. 20) 

resT~administration mode was investigated by administering a 

standardized achievement . test CGates Reading Survey) to eight hundred, 

eighty- two seventh grade students in four junior high schools \ 

(Hunger, 1972). Half of the randomly selected students were given 

the test "live" and the other. halt were given the test by way of 

television. It was found that the mode of test administration had a 

significant differential effect on standardizec^ reading test scores. 

The findings of the study concluded that students can be expected to . 

earn higher reading scores when tested by an on-the-scene test 

administrator than when tested by videotape. 



CBS-TV has produced a number of television tests such as The 
National Citizenship Test and The National Driving Test. The format 
of the programs basically consisted of short scenes demonstrating 
various activities. The narrator asks a question and then pauses 
for the home audience to respond. The correct answer is then given 
with an explanation as to why it is correct. 

Studies have indicated that testing via television has several 
advantages over traditional modes of testing. Standardization of 
test directions is a major advantage. Also, for some content areas, 
television can show close-ups which emphasize critical visual infor- 
mation thus reducing errors in marking answer sheets. It adds the 
dimension of motion which traditional test modes cannot accomplish. 
Television tests can be administered to large groups, at a minimal cost 
and the .test can be used over and over. 

Summary 

A review of the literature found considerable support for the need 

i 

to teach those skills and abilities employed by scientists and identified 

by psychologists and educators as. science processes. However, no 

general agreement in the list of those, skills and abilities was found. 

This imprecision was canoted in the Dictionary of Education which lists 

this open-ended definition: 

. Process approach, an approach to science instruc- 
tion in which children learn gcneralizable process 
skills that are behaviorally specific but which 
carry the promise of broad transferability across 
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g|||||pper :mu8t ■deflne.-those-^^^ 
g|p;;,|^tr«„ient.;^^ 

|j|tih; t^asure :unique -.fartors 

pare'-collectlvely labelled science process;/ tests 
||;^^V A:survey of the literature found' few ^'^es^/s; of ^^^^^^ 
|Tho.e reported on are: the Science Proces. ■l^.^'^j^ 
|g b8ervation and Comparison Test JSOCS), the. Sclenc^-:proces^-rinstrument .7 
the science subtest of the Comprehensive Tests of B..i; .Mir. V...cx , / 
■ i Jhe Science Process TV>cr (TSPT) , and the Test ^ of Science -l^;:;n:^o\Tc.x 
i Each of tR.se tests is designed for varying gradTlevels, rJa^ing from 
fourth to twelth grade. None of 'the tests is for television \ 
presentation. \ 

The literature revealed a scarcity of testing via television \of . 
•the studies reporting on television testing, most have concluded tha^ 
: television presentation of tests has several advantages over 
.traditional modes of testing. The literature suggests that testing ' 
can be effectively conducted thro/igh-the medium of television. 
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CHAPTER III 



PROCEDURE OF THE STUDY 




; : procedure for modifying the TSP for the Intermediate level 
-and adayptlng it for television required the following steps: 
(1) present the question content of the Test of Science Processes to 
a panel ojf judges on elementary science curriculum and Instruction; 
to ascertain^ the content validity of the test as applicable to. ;. 
intermediate level students, (2) rewrite those questions rejcogiilzed 
appropriate by the experts to conform to the readability adequate 
for upper elementary students, (3) produce a. pilot test composed of 
the adapted questions on quadraplex video tape and produce ^the 
associated print materials,. (4) provide a pilot exposure and techniques 
to ascertain appropriate test item exposure time, (5) edit the video 
production to conform to the tiraedata, (6) provide a pilot run of 
the televised test to a large number of students to amass data for 
item analysis, (7) establish statistical parameters by which the Item 
analysis would provide a refinement of those questions which would 
comprise the final form of the test and edit the video production 
accordingly, (8) provide for broad exposure of the test to ascertain 
norms for target populations; and (9) provide an experimental study to 
amass concurrent and predictive validity data. 

Establishing Content Validity 

Content validity was establislied by subjectirig the ninety-six 
questions of the TSP to a critical analysis by a panel of judges in 
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/;elemeh^^ science at The i?ennsylvania State University. (See 
: Appendix D for panel of judges.) The questions were reviewed: 
(iV-to identify content applicability for measuring process skills 
at the intermediate 3.evel with minor .revision and (2) to sample the 
eight processes identified by Tannenbaum — observing, comparing, 
classifying, quantifying, measuring, experimenting, inferring, and . 
predicting. Whereas the questions were identical or similar, content 
validity could be partially inferred through the ''blueprint" data of 
Tannenbaum. On the basis of the initial selectlpn, the questions for 
Form A of The Television Test of Science Processes were identified. 

Readability Considerations 

Once the applicable questions were identified as having content 
validity for the proposed target audience, a revision of vocabulary and 
syntax of the verbal message^ was necessary to effect content validity 
for the intermediate level. Three one-hundred word randomly selected 
samples of the Test of Science Processes were subjected to the^ Graph 
for Estimating Readability (Fry, 1968) in order to ascertain the 
difficulty level of the original questions. Since the Test of Science 
Processes was constructed for use with junior high school students, it 
was necessary to revise the selected questions in order to reduce the 
reading difficulty of the test. This was accomplished by shortening 

sentence lengths, and by altering the vocabulary.- A certified reading 

specialist modified the vocabulary by replacing the difficult words 
with easier to read synonyms judged by her to be appropriate for 
elementary school aged students. The verbal message was evaluated 
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.through the use of the Graph for Estimating Readability and throujgh 
the use of the Syntactic Density Score by Golub (1973) to ascertain 
the reading difficulty of the revised questions • These two 

c 

readability instruments were selected to ensure a comprehensive 
evaluation of the verbal component of the test. The "Fry Formula" 
measures readability In terms of sentence length and difficulty of 
words. . The Syntactic Density Score reflects the relative complexity 
of the sentence structure. v ^ 

All^ written material in sentence form which the students were 
required^ to read was analyzed. Twenty-six one-hundred word samples^ 

were counted ^jut and the number of sentences and syllables were 

? ■ ■ ■ 

computed f6r each sample. Averages for sentence length and number of 
syllables was determined and then plotted on the Graph for Estimating 
Readability to find the reading level. 

Research has upheld the "Fry Formula" to be a useful tool in 
estimating, readability. Fry developed his formula by . assigning grade 
IjBvel designations by plotting a great number of books which 
publishers had said were of ' a certain grade level. Fry then looked 
for clusters and "smoothed the curve." After the formula was applied 
and correctional studies made, the grade levels were adjusted. The j 
formula judges (iifficulty on the basis of sentence length and word ^ 
length In terms of syllables. A comparison is made of sentences per 
one-hundred words. Validity of using sentence length and number of 
syllables to determine readability has been Investlfeatesd by Stolurow 
and Newman (1959).^ They found a high correlation (.90) between easy 
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Average sentence 

g^v^lAngth correlated .86 with difficulty. Their conclusion was that 

v^;:^: any yardstick which gave primary, weight "to ■ the sentence factor would, 

i^.-w account for a good deal of the .variance in readability. 

- Rank order correlations between the Fry readability graph and 

: 'the Spache (1953) formula for seven primary books was found to be " 

•90. Correlations;for the upper range of the Graph for Estimating 

Readability and other readability measures are as follows: ' ' 

Dale-Chall Formula .94 

Flesch Formula .96 

SRA Reading Ease Calculator .98 

Botel Formula ^75 

The Syntactic IJensity Score was obtained by subjecting all answer 
choices in sentence form to computer analysis using the Syntactic 
Density Program at the Computer Center of The Pennsylvania State 
University. 

Syntactic Density Score is a measure of readability which 

reflects the quantitative and qualitative grammatical structures of a 

given selection of written material. Golub and Kidder (1973) state: 

The syntactic density 'of a child's or student-'s 
spoken or written language, when compared to other 
children his age, should indicate normative 

syntactic language development. (Golub and Kidder. 
1973, p. 1) 

■^^^ Syntactic Density Score was developed by sampling children's 
syntactic structures in oral and written discourse. Teacher ratings 
of high, medium, and low were then made on the samples. Twelve 
variables of syntactic structures were identified which correlated 
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stgiilf icantly with teachers' judgments of the written language 
'samples* "Through a process of canonical correlation analysis, 
relative weights were assigned to each variable according to its 
contribution to a factor named 'syntactic density'," (Ibid. p. 2) 
The Syntactic Density Score reflects the measure of: 

(1) T-unit length (one main clause and its related words, phrases 
^and clauses), (2K,subordinate clause length, (3) use of complex verb 
phrase expansions, (4) use of some advanced structures of time, and 
(5) reductions or embeddings that take the form of prepositional 
phrases. It does not account for vocabulary intensity. The tabulation 
of Golub's Syntactic Density Score has been programmed for the computer.. 

Television Production of the Test Instrument *^ . 

After selection of the test questions and the modification of the 
verbal message for readability considerations, the next step was to. 
adapt this visual and verbal information for television production. 
The first phase of the TV production- Involved the development of a TV 
script,, that best presented the verbal and visual information. It wafe 
decided not to use the existing 2x2 slides through the TV multiplexer 
system. Direct video tape recording (VTR) of the visuals was chosen 
because of several advantages: (1) the advantage of superior lighting, 

(2) it was less expensive in that the cost of the slide processing was 
eliminated, (3) the dimension of motion could be added, and (4) graphics 
could be managed electronically. Most Important is that direct 
recording provides a better quality visual than does slide transfer. 
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Fh^se I required the drafting of a TV format script, design 'and 
^development of the graphic visuals, the procedures for the logistics 
of assembling the visual materials, and the scheduling of the TV 
studio and personnel for the video taping sequence. Items employed 
for the visual presentation of the questions were selected from t^he 
Science Education store of materials of The Pennsylvania State 
University and assembled in the studios of WPSX-TV, the public 
television station of The Pennsylvania State University. Graphic 
art was produced in the graphics service unit of the Division of ■ 
Broadcasting of WPSX. Form A of the TTSP was recorded on two-inch 
quadraplex* tape of broadcast quality on ah RCA TR70 unit with Norelco 
color cameras. Efforts were made to control all visuals for 
effectiveness and for contrast in color and in the gray scale. 
Question numbers with a special-effects "wipe" introduced each 
question visual'. The decision was made to verbally state each 
question and leave the question on the screen for ninety^econds. 
This was to allow completion of every question for the item-response- 
time study cited next. Completion of Phase I formed Form A of the TTSP. 

The television crew for all phases of the production consisted 
of the professional staff of WPSX-TV comprised of Gary Perdue, 
producer-director; Steve Hubicsak, editorial assistant and narrator; 
and this writer serving as associate producer and production, assistant. 
Also, included was a switcher, two engineers, three cameramen (one each 
for graphics, live action and superimpositioh), and several 
production assistants. 
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_ > .Phase II required an* edit of the Phase I, tape to conform to the 
(^Ijij^tlmes established in the item-response-time study. Completion of 

formed Form B of the TTSP. An introduction to prepare 
/ students to take the test v^.a television was developed for a two-part* 
presentation. ' 

- Phase III fpllowed the item analysis of the test results of the 
5^^^ B exposure. This included a final edit and the siUmmary graphics.. 

TheM were several technical considerations involved. Total test 

' i \ ' ' * ' 

tin^e was to be two one-half hour programs to conform to broadcast 



schedules.. This was to be short enough to maintain student attention, 
yet 
rea^ 



long enc^ugh to cover the material. Narration had to be held to the 
a^ing^of the questions. Narration of the answer choices was dismissed 

because of the time involved and the confusion it created \|lth verbal 

\ ... ■ 

discrimination. Sufficient time to react to the question controlled 

■ ■ ■ \. ' - ; ... 

the; narration time. iThe total verbal information utilized was the • 

necessary introductory oomraents and directions for test taking and the ^ 

'\ ' ' ■ ■ ■ 

narration of the test questions which provided for cross channel 

• ■ \ - - ■ ■ , 

redundancy (Hsia, 1968; HsiaXl969) to reduce equivocation! This 

formed Form C of the TTSP final' product. 
1 1 em -Re sponse-Time ^ 

- Because the TTSP is a power test and because the television 
modality via the broadcast channel is uncontrolled by the test 
administrators once the vldfeo taped package was completed, it was 
necessary to administer a pilot test and gather information on the 
appropriate amount of time necessary to maximize the exposure time of 
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pfvi!)^? y^^ the students while minimizing the television time* 

Ijif^ constant exposure was Wasteful In both student time, 

costs, and broadcast costs* Optimum test response time , 

!i5^.v\iia8 ".-necessary :'■ ^ ■. ' ■ 

■ ' The traditional way to measure speediitess ^V to set a fixed time ^' 
|; limit for the totar test and then, see :how, many questions (out of the 

:v total) were responded- to by, for example, ninety percent of the 
V ? :. examinee^. Based on this, either time limits are adjusted or the 
mjmber of items is altered. . ^'^ V' 

In the present, study, however, since television broadcast time 
was Involved, it seemed more appropriate to empirically determine 
how much time\it took,, i.e., the ninetieth percentile, for examinees 
to respond to test items. * ^ 

The entire fifth grade class of the Centre Hall School, 
comprising' sixty-eight students/ of the Penns Valley School District, 
Pennsylvania of predominantly_.xural background were administered " 
• Form A of the TTSP via closed-circuit TV. Four graduate students of 
the Department of Academic Curriculum and Instruction of The ; 
Pennsylvania State University observed the test administration, each 
observing a defined group. Using a stop watch,, they noted the time 
in seconds from the end of the verbal message on the test to the final 
mark on the answer sheet required for each student in their defined ' 
■ groups to answer the question. Jhis- included the time for some change's 
of. answers and erasures. The item-resppnse-time data was tabulated. 
The mean and, standard deviatioiv for ..each item was computed. 
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i^i;;;;Btelmstadter (1964) states: 

^• '. - ■ r 

^..wherjB practical considerations <lo not limit Jthe 

: -tlin^^ the test length AJrill be determined by tKe 

v^- * number of items required to achieve as high a degree 

^ . . t ^ of Validity as possible without exceeding the point 
V; where costs in^erms of timev effort, money', and 

patience of the examinee outweigh the addiy.Qjial ^ 
gain. Time limits of such a test are usually taken 

v> — 80 that approximately ninety percent will be able 

to finish, (p. 173) , ^ 

It is clear that setting the number of items on the test based 

oh how many ninety percent respond to is not an equivalent procedure 

to setting time limits per item based on the ninetieth percentile for 

times taken on that item. However, using the ninetieth percentile of 

j the times for each item was thought to be a reasonable way to best 

approach the traditional speediness measure for applications to 

television testing. The video tape of Form A of the TTSP was then 

I , •> , ■ ■ ■ 

edited to conform to the recommended times to "form Form B. 

Item Analysis - 

; ' To derive a pool of questions that were applicable. for use at 

the intermediate'^level. Form * of the TTSP was administered as a pilot 
test to a large sample of fifth and sixth grade students, A cpntact 
was made through the Department of Education for a pilot test to be 
administered in a large suburban Philadelphia school system. The 
; Marple-Newtown School District was utilized as a test group. One 

.^ hundred and sixteen fifth and sixth grade students were exposed to 
..^he tes.t: instrument via closed-circuit television under controlled 
conditions at the Brown and Ciilbertson Schools in December, 1974. 
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The criterion for time inclusion vas: (1) a difficulty Index 
ater thaa .35 and less than .85 and (2) a point blserial corre-- 
ion greater than .20* These criteria ai^ suggested by Kelly (1939) . 
the sub-processes identified by Tannenbaum were to be sampled'. ' 

■ ■ . ■ ■■ ■.■■.■V. . . . ■ 

m this pool,' 40 items were to be identified and incorporated into - 

m C of the TTSP. \ \ ' ' ^ 

' -. . ■ \ '■■!.■■• 

• • ' ■ ■ ■■ . - 

mlng 

To collect norming information , it waS; necessary to expose^; 

^ ■ . / ' . 

evlsion Test of Science Processes ^ Form C to a . large sample of 

dents. During Octqber^^ of 1975, the TTSP, Form C was broadcast over 

X-TV, Channel 3 of the Pennsylvania Public Television^ NetVorJc. ...In - 

peratiortf .with the Allegheny Educational Broadcast -<3ouncliy nineteen 

tool systems 'cooperated in the collection of norming data In a 

:umented/ effort' during this time sequence. The TTSP was scheduled 

part ofi the total SFTS public presentation on television station 

/ 

leduling^ is the rule. for all ^^FTS programming. A. total, of 3480 fifth 



IX-TV. "{Pin alternating schedule/to allow for ease in public school 



tde students were given the test instrument under normal classroom 
iditions of television viewing and test taking. >Table 4 lists the, 
tool districts in alphabetical, order wit-h-the number of participating 
idents; information relative to their rural, urban, "or suburban , 
issification; grouping; and a statement of their present science ^ 
iching methods. The descriptive information of the district in 
►le 4 is quoted from correspondence from officials of the various ' 
Items and do not represent an objective statement by this writer. 
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Figure 1 shows a map of the, location of the participating school 
districts. Complete jlocumentation of the broadcasting procedural 
. eiqperience^ inclusive of the initial public relations contacts 
through iinal correspondence is cited in Hill (1976) 

Reliability 

In cooperation with the Elementary Supervisor 'of the Lewisburg 
Area Public School District, Pennsylvania, an effort to collect 
reliability and validity data for the TTSP was undertaken. Form C of 
the PSP was administered to. the fifth and sixth grade students in 
four schools of the Lewisburg Area Public School System during March 
of 1975. In October of 1975, aa item analysis of the norming study 
iata yielded reliability information for the 3480 fifth grade students 
. involved. Reliability is tlie result of Internal analysis using the 
Kuder-Richardson Formula 20. 7:' — 

Validity \ 

Empirical validity is inferred through the relationship that 

exists between scores on the TTSP and other tests of sciencVl^rocesses 

, \ ...empirical validity provides .the evidence that a 
test score can be interpreted in a particulax.jwa7^ 
-. by showing that a relationship exij£.s-between^ 

test: performance on the^on^J^tsri^^ on the other, ■ 
behavior in somesi&GeTia'''Tcxiter activity. • 
(Helmstadiietr'l^, p. 112) 

Iti May of 1975, all of the fifth grade students at the Lewisburg 

Area School-District were administered the McGraw-Hill Comprehensive 



- \ 



Tests of B asic Skills inclusive of Test 9, the Science Test. This was 




' Figure 1: Geocraphical D^istrlbutlon of Participating School Districts 
and Schools In the Norming Population 
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•art of a total achievement testing program. During February, 1976, 

all of the. sixth grade students (the former fifth grade students 
• i mentioned above) , nurabering 207-, were adainiscered The Science Process 
Test (TSPT). Data from all three, tests with additional pertinent data 
(summarized in Appendix N) was compiled,. The information was placed 
on computer data cards and a Pearson product-moment correlation data 
matrix was generated to assess inter-correlations. ' . 

. . Whereas the CTBS scores were within a short time frame with the 

scores of the TTSP, nearly one year elapsed between the scores of the 

TTSP and TSPT. During this time, the fifth grade students were 

moved to the "Middle School" environment. Ary, et al. (197?). states: 

'Except for the time dimension, concurrent validity 
and predictive validity are very much alike. In 
predictive validity, the relationship between the 
- scores of individuals in a test of performance in a 

future task is detemined; whcre^as in concurrent 
validity, the relationship between the test scores 
and a present criterion is sought. (p. 195) 

On this basis, a statement of. concurrent validity was inferred 

from the correlation between the TTSP and the CTBS Science score and 

a statement of predictive validity was inferred from the correlation 

between the TTSP and TSPT. These data are summarized in Chapter 4. 

Additional correlational data and their implications are discussed 

■ in Appendix N. 
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CHAPTER IV . ... 
RESULTS 

' ■ • 0 

Introduction 

This chapter sunnnarizes the results of this study for the various 
steps involved in the modification of the TSP for the intermediate 
lievel and adapting it for television. The procedures for the various 
steps involved are described in Chapter III. For conv^ience, 
information shown on computer printouts is summarized sxtd 
abbreviated in this chapter. Photo reductions of complete computer 
printouts are cited and shown as Appendices. 

Establishing Content Validity 

After critical analysis bf the ninety-six questions of the IS? by 
the panel of judges in elementary science at The Pennsylvania State 
University, sixty-eight' questions of the original ninety-six wiere . 
identified as applicable to the intermediate level curriculum and 
eligible for revision and inclusion' in a pilot *test to provide further 
data. The questions recommended are shown in Table 5. See the pocket 
of the thesis binding for the Test of Science Processes test, booklet. 
This selection included six questions in Tannenbaura^s process I 
(observing), five in process II (comparing), eleven in process III 
(classifying), eleven in process IV (quantifying), fourteen in process 
V (measuring) , eight in process VI (experimenting) , seven in process 
VII (inferring), and sixain process VIII (predicting). 



TABLE 5 

TEST OF SCIENCE PROCESSES* QUESTIONS IDENTIFIED { 
AS APPLICABLE FOR INCLUSION' IN THE TTSP. 

' ■ - ' \ 



Question Numbers 



1 


11 


22 ° 


31 


40 


56 


69 


\ 

\ 

84 \ 


2 


12 


- 23 


32 


41 


59 


71 


86 \ 


3 


14 


24 


33 


43 


61 


-72 




4 


16 


26 


34 


44 


62 


73 


88 


5 


17 


27 


35 


45 


63 


74 


• 89 


7 


19 


• 28 


36 


49 


64 


75 


90 


9 


20 


29 


38 


52 


66 


76 


~ 92 \ 


10 


21 


30 


39 


53 


67 


78 


94 ' ' \ 










54, 


63 . 


79 


96 1 



. To maximize the accuracy of the question d^ta, the positions of 

the correct answers on the answer sheet was found by employing 

i .. . 

randomizing techniques from a table of random numbers. 

Readability Considerations " . 

In order to ascertain the reading difficulty level of the Test o£ 
Science Processes , a random selection of questions was subjected to the 
Graph, for FIstimating Readability . A readability of sixth grade level 
was found. 



After selection of questions^ identified for inclusion in the , 
pilot Television Test of Science Processes , the verbal information of 
those questions was mod^ified in an effort to reduce their treading 
difficulty. These modified questions werie subjected to two 
readability measures in March o'f 1975. The Fry Graph for Estimating 
■Readability was utilized to compute reading difficulty. A 
readabirtty~~-of third grade was found. ^ • 

A readability level was interpolated for the data at high 
second-low grade level using the Syntactic Density Score , The 
complete computer printout is shown in Appendix E. 

Television Production of the. Test Instrument 

Following the identification of applicable questions and the 
modification of the verbal message, the visual and verbal information 
of the selected questions was adapted for television presentation. 
Phase I of the television production was executed on August 6^ 9, and 
14, 1974. See Appendix F for a complete display of the visuals which 
form the TTSP, Form C. . . ' 

Phase II of the television production took place on October 14, 
1974. This involved editing the TTSP, Form A tape to conform to the 
time requirement of each question found in the item-response-tirae study 
cited in Table 6. The script for this introduction was developed and 
is shown in Appendix G. The complete test booklet for the sixty-eight 
questions comprising Form A and B is shown in Appendix H. 



After an Item analysis of the test results of the Form B 
exposure. Phase III of the television production took place on March 

27 and 29, 1975, This coi;isisted_pf ._reyamping_J:he_entir^ Form B tape 

( ■ ■ ' 

.■ ■ .. / 

to eliminate and modify the questions in response to the data found 
in the item analysis, to renumber the sele^cted questions , and to add 
the summary graphics. The final edit formed Form C of the TTSP, 
See Appendix I* for the complete test booklet. 

Item-Response-Time 

A pilot test of the TTSP was administered in September, 1974 to 
gather information on the Appropriate amount of time necessary to 
maximize the exposure time of the visuals to students while minimizing 
the" television time. Graduate students of The Pennsylvania State 
University, Department of Curriculum and Instruction recorded the 
time in seconds required for' each student to respond to each question. 

■ ■ 

Following the pilot exposure, the findings were tabulated and the 
total question iten-response-time was calculated. Table 6 is a summary 
of the item-response-tim^' of the ninetieth percentile of the total 
time required for each question. This data formed the editing time 
for production 'of the TTSP, Form . B. * 

Item Analysis ' " .■ 

Form B of the TTSP was administered as a pilgt test to collect 
statistical data for item analysis. * The data was processed by computer 
using the Item Analysis Data Progr^m of the Examination Services of the 
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TABLE 6 



SUMMARY OF THE TIME IN SECONDS ALLOCATED FOR EACH ITEM 



QofilClOQ 

HvQib«r 


Tlc4i 




Nuabar 


Tins 


1 


22 




35 


22 


2 


42 ' 




36 


40 


3 


41 






3X 


4 


37 




38 


36 


5 


\ 39 




39 • 


25 


D 


35 




40 


30 


.7 


37 




,41 


20 


• 


34 




' 42 


26 


.. 9 


43 




43 


35. 


10 


55 




a'. 44 


48 _ 


11 


V. 3X 




45 


X9 


12 


36 




46 


40 


13 


25 




47 


26 


14 


28 




^8 


, 34 


15 


45 




49 

f 

50 


43 


16 


35 




35 




39 




5X 


22 


18 


44 




52 . 


45 


19 


29 




53 


37 


20 


40 




34 


35 


21 


58 




55 


37 


22 


54 




56 


* 22 


23 


55 




57 - 


20 


. 24 


34 




58 




25 
26 


20 - 




59 
60 


45 
44 


27 


29 




6X 


40 


28 


^33 




62 


30 


20 , 
30 
31 
32 


27 
47 

*o 

30 




63 
64 

65 
66. 


30*^ 
25 
25 
36 


' 33 


18 




,67 


.34 


34 


17 




68 


22 



University Division of Instructional Services, The Pennsylvania State 
University • This program includes item frequency/percent, difficulty 
Indfex, biserial correlation, point biserial correlation, T-Value, and 
mean'^core of item responses. Table 7 is an abbreviated item analysis 
incorporating the difficulty index and the /point biserial correlation 
for the total pilot test. The complete item analysis computer 
printout is shown in Appendix J. 



Items were selected for further use 



/ 

whiQh fell witfhin the 



/: 



established guidelines. Some items were selected where either the 
difficulty 'index or the point biserial correlation/was very close and"" 



the corresponding index or correlation xl^as thought to be sufficiently^ 
Strong to warrant its inclusion in the fauestioh pool. 

No^rmlng ' ' I ' 

Norms for the Television Test of Science/ Processes, are shown in 
Table 8. This table is a photo reduction ofy^the computer printout. 
Data is repotted by raw score, percentile, and T-^score. The T-score 
is . a standardized score with a mean of 50 and a standard deviation oV 
10, not normalized. It also shows the frequeincy of items and * 

frequency distribution. This format/ for- recording is simple to read 

i , ■ 

and for performing additional statistical man'ipulation. The numbers . 

In the "Score" column are the raw .scores on the test, the .number 

"• ft ■■ . ■ ' '■ I . 

correct; the "T~saore" column is the standard] score with mean = 50 and 

. - ■ " ■ ■ , 'i * ^ , . 

standard deviaTion = lb; the "Centile" column is the cumulative percent 

of the number of students scoring below the given raw score; and the^ 



^ TABLE 7 . 
' SUMMARY OF ITEM ANALYSIS 
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Quaatioo 


Piff^eulcr 
Ind«x 


Poiot^blJtrUL 
Corr«lAClon 






OifflculCT 
Ind«jc 


— Polac-bfiitrUl 

Corrvl'^clon 


1 


.974 


.258 




• 15 


.957 


.226 - 


2 


.181 


.126 




•36 


.690 


.282 


3 


.638 


.005 




37 


.552 


.257 


4 ' 


.S53 


•.081 




yi 


.216 


.160 - 


5 


.836 


.186 




•39 


.586 


.354 




.724 


.387 






.241 


-.056 


7 


.U9 


«.256 




• 41 


.914 


.338 


• 8 


.216 


. .240 




• 42 


.207 


.421 


* ■ 

• » 


.397 


.249 


1* 


•43 


.500 


.415 


•lO 


.422 


.259 




•U 


.397 


.407 




.326 


.414 




^45 

I 


.716 1 


•338 . 1 


u 


.578 


^186 




•46 


•474 1 


■ .233 ,/ 


•l3 


.767 


.360 






.491 1 

i • 


.361 . / 

. / / 




.603 


.291 




• 48 


.6515 i 


.597 ■• 1 


•u 


.474 


.359 




• 49 


• .629 1 




16 


.922 


.163 




•50 


.733 : 


.258 / 


17 


.871 


.192 




51 


.566 


.197 / 


18 


.414 


-.032 




- ^52 


.569 




19. 


.88r 


.099 




•53 


.552 


■ .517 / 


20 \ 


.862" 


.109 




54 


.103 < 


.160 / 


.\„-21 


.776 

\ 


.297 . . 




55 


.397 


.245/ 


^ 22 


\ •♦^^ 


.21^ 




56 . 


.353 ^ 


.162- 


•23 


\ .810 1 


.425 




•57 


.517 


. .24i - 


• 2* 


^ \948 


-.023 




' \ 58 


.440 


.088 


25 


.810 


.110 




•59 : 


.491 ' 


.404. 


•26 


.647\ 


.464 ' 




•60 


.586 


.374 


\ 


\ .664 \ 


.128 




61 " 


.362 


/ . d 
jl20^ 


28 




\ -ow 




62 


" .293 


■ /•033 ■ 


29 


.474 


\ '^'P 




•63 


.690 


/.628 


30 


.897 






•64 


.310 


/ .422 


•31 


.560 


' \.325 




*6^ 


.474 


/ .354^ 


• ^32 
•33 


.819 
.922 ^ 


• .A 




♦66 
r 
•67 


^' .552 
- .397 


/ .449 ■ 
. ; .307 




' - » .966 


.178*^.^ - 




•68^ . 


.586 \ 


/ .447 


* Aitftritk d«not«t quMCioot ■•l*ct^^for 


lAcluilon in Font C 








i ' ■ 


■»' 


67 


y 
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TABLE 8 



TABLE OF EQUlVAtENTS AND FREQUENCY 
DISTRIBUTION OF NORMING SAMPLE 



. MAPMNf, SCO«>r FJegii^NCIPS l»CfEO •Ax|Vii« Pi t'| N(J I | | T S. 

fur KUKTOTic »Hnptmv ip r.«4KH is THg^fKY oiiTfiBTrn 



5CO«5 • f-SCO»F: CENTUfc 



I 


-22 


I . . 




2 


2^ 




. * 


) 


26 


.1 


S 


4 . 


2^ 


I 


'I? 


4 


10 


X 


21 


6 « 


J& 


? 


*C 


r 


33 






6 


3S 




7e ■ 


«l 


37 


A 




10 


l<> 


12 


1*1 


l& 


*l 




let- 


i2 


^3 






13. . 


V4 


30 






•6 


*/ 


2j; 


*V 1 


^6 


4S 


; 7* 


&6 ' 


So 


* J 




17 


S2 


63 




16 


.s<» 


67 


22i 






73 




^0 


5H 


7d 


1 }; 


21 




e i 


-I J a 


2?* 


M 


h/ 


lie 


23 


63 




7 ? 


?• 


6i 


<ll 


7» 


2i 


67 


VI 


1 1 


26 


-6<? 




*q 


27 


71 






28 


7) 


S7 


n 


2^ 


.7^ 






30 


lo 






31 


7fi 






32 


AO 


O'J 




31 


d2 


■■ Sf 




3* 






I 


3S 


R6 




; 


36 


67 




2 


37 


HW 




C 


JO 




9 ) 


1 



TOTAi 3*dC 



X 

kixiiisx / 
»xx axxxx ixXAXAX / 1^ 

Xl'XXAXXXaXAXJk>X«XxXXAXX / 
> X,.X > ■ « 4 X * X/ A X AA11«4AXXAXAXXX 



xxxBtxaxx«tx«txxt»i( 

XXXXXXX,XIX>XXX<A4AA(AXt4A4XX«<XAXX 
MXXlXXA^>>IAXXXI]kA<AA«M«J^%4.\AXA« 
VX11XIAXXX^JI.XAI«XX\>I^IXXXX«X««4X^ 

>xxixx«xixxaxaxxxxxxaxa\i(xxaaxxxi 

*XX»«>XAXXXAAA4lXA>»XA4\\AAX4tk\X«A< 
XXXflJiXXIXXXIX<<XXXil<t'>««iA^<VXA-^ 
>>XXAIXlJXXA)XllX^X>X/>XVX>\i<<AXy 
>^^X«IAX«|>'ji|ijAiXIA4VlAAXJAVAAAA 

'ixii«AXXiAaaaitxxxxi«i^.i4Xix«Xxx<i 

XiXXi»IXlXXxVAI4jiAAJrXXlli('AX 
XX«lJiiAX«X>i^AAXXAlAAA . 

>«x>>»Xxa>xx 
^ix>>'xxx«xxxi<x 
xxixixix ikkt ' 
kxxxiixtt 

>XA X IXXXX 
> 4X XXX ' 

XX 
XX 



A X < 

(XXXXXXXXXX«XX 

AAAXVXXXX«AaXXX 

I KXiX <XI « XX firi X( i(X X I 

xxirxx«x^\«A4xxxx<xi 

XX4X'\XX<XXlkXXXX 
X X X X < X X I X X X X A X X X 
XXXXXXXXkK 

xxxxx , 
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frequency of each raw score. A complete item analysis is shown :in 
"Appendix K. A summary of the statistical data obtained from the. 
administration of Form C of the TTSP is shown' in. Table 9. 

Reliability 

Reliability was ascertained through internal analysis using the 
Kuder-Richardson Formula 20 (KR-20) . Data for the reliability inves- 
tigation was collected and transposed tp EDP cards and processed at 
the Computer Center of The Pennsylvania State Univelrsity using the 
Item Analysis (ITANl) Program of the University Examination Services. 

The KR-20 reliability coefficient for the fifth grade students 
which comprised the norming study was .73.6. Table 9 shows the summary 
of^ the statistics for the norming sample of the TTSP^. Form C.. A 
complete computer printout of the item analysis is shown in 
Appendix K. 

The KR-20 reliability coefficient for the fifth grade students 
which comprised the validity study was .816. tannenbaum cites 
average KR-20 reliabilities for the TSP at grades 7, 8, and 9 at .91. 
Using the Spearman-Brown Prophecy Formula (Nunnally, 1967; Helmstadter, 
1964) to adjust for test length, the estimate for. the reliability of 
the TTSP for ninety-six questions is .91. Table 10 shows the summary 
of the statistics for the validity sample on the TTSP, Form C. A^ 
complete computer printout of the item analysis, table of equivalents 
and frequency distribution is shown in Appendix L. 

V 
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TABLE 9 

^ .'/ . ' . ■ ■ ■ • 

STATISTICS FOR THE NOKMING SAMPLE ON TH£ TTSP, 
\ FORM C 



I 



Grade level 
Number of students | ' 

Mean score 

Standard deviation j 
Standard error of measurienent 
Mean point-biserial 



5 

3480 
15.96^ 
5.35 
2.75 
0.294 



/ 

/ 

/ . 



KR-20 reliability j i 




0.736 1 


Mean difficulty | 




0.399 


I 

Test range | 




38 , 


Standard error of test mean 1 




0.09 ' 


Skevness > 




0.39 


Kurto.sis 


\ - 


3.21 



\ 



Validity 

Data; for the validity investigation were collected and transposed 

i ' ■ ■ .\ ,. 

to EDP cai^ds and processed at the Computer Center of The Pennsylvania" 

!■ ' ■ • ■ 

-State University in March, 1976 using the Pearson \)roduct-moment 
coefficient (PPMCR) of the Statistical Package Program of the^ 



University Examination Services. 



V 



The PPMCR computes a Pearson product-moment correlation coefficient 
for every possible pair of input variables and also pt^ints the mear/ and 
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standard deviation o£ each input variable. The output is produced 
in a form which can be used as input to othet Statistical Package 
programs such as Factor Analysis and Regression, The output may be 
passed to a subsequent program for .further analysis. Options are 
provided to allow incomplete or missing data. Fourteen variables were 
correlated for the purposes of providing additional information for 
this study and for related investigations in progress at this writing. 
The complete computer printout is shown in Appendix M. 

TABLE 10 

STATISTICS FOR THE VALIDITY SAMPLE ON THE TTSP, FORM C 



Grade level 5 

Number of students 203 

Mean score - 18.86 

Standard deviation 6.29 

Standard error of measurement 3.03 

Mean point biserial ' 0.352 

KR-20 reliability 0.816 

Mean difficulty ' 0.497 

Test range 29 

Standard error of test mean 0.44 

Skewness 0.31 

Kurtosis 2:38 
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TABLE 11 



mmi OF PPMC OF FIFTEEN VARIABLES 





1 


2 


3 




1 

} 


t 

b 


7 


0 

0 


A 

7 


in 
iU 


u 


19 
12 


IT . 




ft 


1 nsp Tout . 


1.00 






























, 2 nSF CU90 Sub, ' 


.172 


1.00 




























3 TSPT Total 


M 


.098 


1.00 
















■ ," 










4 TSPTTlDC 


-.043 


-.025 


.052 


i.oo' 






\ 

\ 

\ 


















5 SmA Verbal 


.552 


M 


.770 


-.121 


1.00 






















6 Hun-Verbal 


.626 


.184. 


'.■?20 


-.043 


.664 


1.00 


i 


















"-1 , - -'^L„„ 

7 SHMTutnl 


/if 


iH!) 


,813 


-.091 


.929 


iSQfl 


i 

1.1)0 


















8 CfUS 8dg. Vocttb. 


.620 


.083 


.779 


-.133 


.3(4 


.65] 


M 


1.00 


• 














9 OTHJgi Coinp. ^ 


ill 




M 


-.lU 


.801 


."6W 


M 


.850 


1.00 














10 ITIIS loni;. ToUl 




.0)3 


.737 


•.127 


.774 


.66S 


.796 


.822 


■BOO 


'.00 








<• 












fill 


7in 






tiii 




10V 


1 nn 
l.vu 










12 CTBS Science . 






.761 


-.043 


.755 


.723 


.813 


.775 


.783 


.737 


.7(4 


1.00 






) 


13 cms Soc. Stu>l. 




.011 


.783 


-.040 


.791 


.720 


.831 


.819 


.805 


.791 


.768 


.771 


1.00 






U KiiC. CiirJ 


.5)1) 


.IW 


.690 


.UHG 


.591 


.650 


.669 


.646 


.610 


.642 


.661 


,60) 


.630 


1.00 




IJ omi.q. 


.527 


M 


.822 


-.095 


.772 


.774 


.853 


.79f 


.715 


.772 


.655 


.740 


M 


.!(7 


1.00 
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The correlation between the TTSP and the TSPT in this study was 
.66. The correlation between the TTSP and the Science Test of the 
CTBS was .66. Both correld:tion coefficients are significantly 
different from zero at the .01 level. The summary of the Pearson 
product-moment correlation of fifteen variables is shown in Table 11. 
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. ^ CHAPTER V 

SUMMARY AND CONCLUSIONS 

Introduction 

There' were two objectives In this study: (1) to modify the/ 
Test of Science Processes by Tannenbaum (1968) for use by Intermediate 
level students, and (2) to adapt the test for use through the /medium 
of television. Information generated In this endeavor Incluaed that 

which was necessary for the modification and adaptation of the 

t ■ f 

Tannenbaum Instrument as well as spurious Information reco^endlng 

further Inquiry. 

. ' ■ •/ , 

Summary 

This was a develbpmental study in which a normative testT to assess 
performance in the use. of certain of those skills and abilities 
Identified as science processes by intermediate level students through 
the medium of television was created through the modification and 
adaptation of an existing normative testing instrument. The steps 
Involved were to develop an item pool consisting of those questions 
from the Test of Science Processes which were representative oF the 
science processes and were applicable for .intermediate level students; 
to rewri^te the selected questions so as to make them more easily read 
by intermediate level students; to produce a pilot test; to providr 
a pilot expos^lire to ascertain test item exposure time; to edit the 
video tape for appropriate timing; to pilot the test on a large 
population to amnsji data for item analysis; to develop the final form 



of . the test by selecting questions appropriate through statistical' 
parameters set by performing ah item analysis; to provide a broad 
exposure of . the test to ascertain norms for target populations; and 
to provide an empirical study to gather concurrent and predictive 
validity data. The steps have taken into account or considered the 
standards of the American Psychological Association (1974) for test 
developers of educational and psychological tests. The following is a 
summary of those activities that were necessary to^ complete this study. 

An item pool was generated from the ninety-six items of the 
Test of Science Processes which were a representative sample of* the 
eight science processes identified and defined in Appendix B and 
applicable for the intermediate level with minor revision. These 
questions were chosen on the basis of their requiring the skills and 
abilities recognized as process skills and on the basis of their 
applicability to intermediate level students. The question selection 
was performed by a panel of elementary science educators of The 
Pennsylvania State University whose credentials reflect a high degree 
of experience in research and teaching and are recognized both 
nationally and internationally as possessing a high degree of expertise 
by the academic community. 

After the item pool was identified, an implementation procedure 
was pursued to produce the print and non-print components to form a 
prototype Teleyis inn Test of Sci ence Processes > The print component 
consisted of a television test booklet and teacher's manual. It' 
involved a careful review of the verbal component, the visual digital 
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information (Knowlton, 1964; Conway, 1968), modification of the test 
"items* vocabulary, and syntax to conform to a readability level 
applicable to the intermediate level. The modified verbal mef&gage^ 
was subjected to two readability measures to ascertain its appropriate- 
ness for the target population. This was. performed and the resultant 
study found both vocabulary and synuax to be appropriate. The results 
are cited in Chapter 4 under "Readability considerations." Question 
ansv/ers and distractors were scrambled in a rfindora manner using a 
table of random numbers for answer placement. Upon completion of the 
total print message, it was organized, and printed in the format of the 
Test of Science Processes . 

The non-print component was reviewed and organized in a television 
script into the audio and^ visual modes. It was decided that the 
narration of the questions and the answers were too time consuming and 
were distracting. The visual information was reviewed for optimal 
television presentation. For clarity of visuals, implementation of 
motion where appropriate, cost considerations, and production 
techniques, it was decided to record all visual information on two-inch 
video tape of broadcast quality. Using the production studio of 
the entire verbal and visual information was produced. After an 
introduction and directions for taking the test:, the question visuals 
and question ncirration preceded by the appropriate rtumber were 
recorded for each of the sixty-eight questions of the identified item 
pool. From the end of ' the narration to the next item, visuals were shown 
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for ninety seconds. This vi( tape package combined with the print 
component formed Form A of the Television Test of Science Processes , 
the prototype or research instrument for further study. 

To ascertain the appropriate timing for each of the visuals, 
Form A of the TTSP was subjected to an item response time study. A 
population of central Pennsylvania fifth grade students were identified 

. ,and given^ Form A of the instrument. Graduate students of The 

Pennsylvania State University recorded the times for each student to 
re-:pond to each question inclusive of corrections. Using the rule of 
the 90th percentile, ^ cutting time was identified for each question^ 
The video tape was edited to conform to the appropriate times. Results 
of the item-response- time study are cited in Chapter A. The edited 
tape became Form B of the test instrument. 

Plan for a pilot exposure of Form B to a large population of 
intermediate level students to derive item analysis data was 
facilitated through contacts made with the Pennsylvania Department of 
Education. The instrument was pilo'ted in a large suburban Philadelphia 
school system using closed-circuit television. Data was amasi5ed on a 
large population and, using established guidelines for accepting or 
rejecting items on the basis of point biserial correlat.ions ^nd 
difficulty, forty items were identified for inclusion into Form C 
of the Televisio n Test of Science Procer,ses. Results of the item 
analysis arc cited in Chapter ^4. Revision of the entire print and non- ' 

^ print component was effected to conform to the item analysis data. The 
print material was revised and new booklets printed.' A major edit of 
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the' video tape was conducted to renumber all appropriate remaining 
questions, to Incliide appropriate credits, and to conform to the 
time llmjlts of two thlrty-mlnute programs required for public^ 

' . ' ^ ' - • ■ 

broadcasting. • 

Public broadcasting over the service area of the Allegheny, 
Educational Broadcast Council provided massive exposure and the 
gathering of a large data: fund for a normlng study. . Test results 
from. three thousand, four hundred, eighty iflfth grade students from 
nlnet^een school systems of varying profiles were processed and ' 
tabulated into percentiles and T-scores . and plotted into a frequency 
distribution. The results are cited in Chaptet 4 under "Normlng." 

A study to determine validity was Initiated. In conjunction with 
a large central Pennsylvania school system, data were gathered from a 
large population of. students on a variety of variables-. The students 
were given the TTSP, TSPT, the Science Test of the CTBS over a span of 
one year. This and other data were collected within safeguards of 
confidentiality and recorded on EDP cards. Information pn fifteen 
variables were processed usiug the Pearson product-moment correlation 
and factor analysis, progf-ams. Within the guidelines established for 
a statement of criterionj^related validity, it was found that the 
Televi;;ion Tesc of Science Processes , Kprm C \ras moderately to highly 
correlated with The Science Process Tes t and the Science Test of the 
Coinprehensiv e Test of Basic Skills . The results are cited in 
Chapter A under "Validity.'' 



Con dJLuslons 

^^he data suggests cdntiant validity, appropriatej readability. 
Internal reliability coefficients approximating comparable reliability 



coe^f flc^ents of tests of scrience processes, criterionj related validity 
through Woderate'^^oTiig^Tr corrielation with similar instruments, and a 
norming distribution with a moderate unimodai skew approximating a 



normal curve. The TTSP is a test which''measures the relativfe ' 



achievementy of those cognitive skills and abilities that, we term 
science process. This study has presented information about the - 
relative ordering of individuals with respect ;to their TTSP test 
performance (Qlaser, 1963). A conclusion can be inferred that- the 
successful formulation of the TTSP implies that the Test of Science 

^ • ' • • ' ' 1 ■ - ■ ■ - • 

Processes b-^s been modified for use for intermediate level ^students and 

has been adapt ^d\ for use through the medium of television. 

\ ■ ] ' i < ' ' * ■ . 

- What constit^ute^ the structure' of the skills and abilities of 

science is important to identify and quantify.. ly an effort to 

ascertain the valiiiity of the assumptions that: ' (1) The Science 

Process Tost is a statisitcally reliable .and Val:^d instrument in 

assessing students' ability to use thfe integrated processes, (2) the 

Test O/f Science Processes is a statistically reliable and valid i 

instrument in assessing achievement in the use of science processes, 

and ||) the C oir.pi'chcnsive Tests of Basic Skills is a reliable and valid 

instilimcnt to assess students' ability to investigate problems In scienc 

additional data was amassed. Data on fifteen variables for the 215 

stujSenls within the validity study were examined. These data provide 
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'Infonnatlon beyond the scope of this developmental 3tuc^y', biil;,*' ^ • 

provided sufficiently important insights to be included as supple- 

' . ■■■■ -s. ■ . • 

m^ntary findings and is discussed in Appendix N. 

Limitations of the Study 

- Caution is urged in the use of the lls,ted^ norms, A significant , 
dlfferjence in means exists between the normirig .sample and the reliability 
and validity sample. Also, a significant difference in means exists 

i ■ . ■ ■ i! ■ • / . . , ■ . 

between the fifth grade and the ^sixth grade of the Lewisburg Area .school 

1 ■ \ ■ . ■ : - ■ 

^population. The norming sample. was exposed to the TTSP in September of- 

I 1 . ' _ . ■ ' ' ■ ; , ■ , 

their riifth grade year, while the Lewisburg students ^ere exposed to the 
instrument in March of their respective grade years. These data suggest 

\ \ . ■ ■ ■ ■ ■•■ 1 

the continuous improvement in, raw scores throughout the intermediate , . 

1 ■ ■ ^ ■ 

grades. | Use of norming data, therefore, should be relative to approp- i 

■■■1 '■ " ■ ' ■ ■ ' ■ 

riate time periods. ^ - ! 

A limitation on the norming data was identified through a quest ioJ- 

naire cit^jd in the study by Hill (1976). Wliile t*he test exposure for 

the itcm-i^esponse-time study, item analysis pH^t exposure, reliabilit>j 

and validity studies were under controlled condit'ions, the norming stiidJ 

exposure vlis under normal cl^issropm conditions. This included the \ 

•^normal*' television viewing conditions. In a small r^umber of situations, 

^the. blassropm teachers expressed concern over viewing clarity and size 

i • . . 

of the television image, distortion,- and vignetting? (fhe truncating of 

thfe .vi^;uals) ./ While all items wei^c engineered to maximize the video 

signal; that is, the tapes usud for the production were of broadcast 

qual.ity and desip^nod for optimum viewing transmission, some classrooms 

experienced less than optimal viewing conditions. 



Recommendations for Further Research / , ; - 

■'. ' ' / * , % 

A developmental study, of this nature generates needs fpr further 

study both through the findings as^well as tl?e procedures. -The i 

findings suggest that it 'is important to dexihe the/t^rm science 

• • . ' I ■ ^ ■ ■• ' 

processes. This definition tnust incorporate ja clear and complete 
enumeration or listing of t-hc -.skills and abilities ernplos^ed in the 
sciences as woll as -the. further fefinj'iing of ihe'skills and abilities 
into a possible hierarchical arranger.cnt and! developrr.ental sequence. 

In Jan effort to enumerate and list tn<; skills common to practicing 

scientists and to ^obtain their -judgment about: the nature of science, 

= ' 1 ' . " ■ i : ■ 

Hogan (1969) questioned 131 scientists relative' to their use of fifty ^^ 

strat;egies associated with nine identified nr^ocesses. He found thiat 

- ■ ' ■ ' "^ l I , ' .1 

■ \ 1 . 1 " ■ ■ ■ ■ ; 
the scientists held different views about the! nature of science. ^ Also, 

/ ■ ' / ' ' f ' 1 . ' 

he found both significant agreement, and significatit disagreement 



in 



, their regard for the strategies." This sugges'ts^ the need "to identify 
operating paradigms within the science community and to enumerate the 
common processes i.n'ord,er to. ascertain. a"common definition. 

A hierarchical listing of the coramon processes may be ^a necessary 

• * . ■ I 1. 

approach to investigate the processes of science.^ To list a series o,f 

■■ ■ ^ , .i 

unique, parallel skills, as do some philosophers, may be a faulty 

conceptual frnncwork. They may, in fact, be hieiarchical Skills. 

Cagne. (1970) , in a discussion of the events in learning arid rcTn^mbering, 

states: . ' ♦ ' 

^ost scholars would agree that an initial event must 
• bo that of attcndii^f, to the iinulu?? , aUhough ^ 
vhothor sut.*hUH.teiul in^; is a process itself containinj> 

9- / 

I * 



: : - ; . ; one, two, or perhaps three stages Is^ a matter still ;' 
actively debated. For present; purposes, though, it 
- will be convenient simply to acknowledge' s^ttending 
' as an initial event in learning, which may be . 

thought of as a state that can be bf ten detected by 
observing what the learner is jlodking at or 
listening to, (Gagne, .1970, p. 72) 

This passage alludes to the process of observing as a. basic skill which 

underlies other processes. Such a relationship may exist among several^ 

of the processes^..__It is recommended that research be undertaken to 

fully define the processes of science. 

An important factor in measuring process skills at the intermediate 

level is the developmental factor. Piaget (1969) suggests that 

■ i • ^ . . - . 

cognition is an invariant- developmenOalj process with qualitatively 

f 

distinct differences between the stages of thought as the child moves 
to more matinffe intellectual reasoning. It is during the intermediate 
grade levels that the student moves from the pre-qperational to the 
concrete operational stage of development". These' stages of development 
rhave been identified in^-several studies (Johnson, 1975). Tests' of 
science processes given in those grades may tend to reflect 
differentiation in stages of development. It is recoinmended that 
research be conducted to identify the developmental variable and its 
influehce on science process tes,ting. J.- 

Questions relative to the procedure. used were identified. The 

TTSP was designed to be used on either black and white or color 

televisiorv^eceivers. Test content was chosen so that no benefit would 
acruc !to those students who vic^^ the test in color. Several studies 

■ I ' . • " 

■■! .. ■ . ■ , • 

'. .. I ■ 



suggest that there is insufficient evidence to suggest that colbr 

. ■ .1 ■ ■ ■ ' \ 

will improve learning fron* television (Chu and Schramm, 1967) • 

■■.]'■' " : ■ ' ■ ; ~ \ ■ 

In ia study to measure t:.e relative effectiveness of two types\ 

/-'■•-•' >' . \ 

of cueing (color and black/white), Lainberski (1975) f^unci; that black 

and white viewing/was significantly more favorable in an immediate 

^ ■ . ' ^ .• 

testing situation but found no significant difference attributable to 



cueing technique at a two-week delayed test analysis. It is 
recommended that an experimental study be undertaken to substantiate 
or challenge this desrgh varialDle. 

It became_evident in the early stages of th6 study that the 
development of a test instrument involved the combined expertise 

from several sources. Identifiable areas of specialization were: 

1 

educational testing and measurement, statistics, elementary science 
instruQtijjn , television production ai.d direction, and instructional 
media res,carch, to name a few. The complexity of the creation of a 
modern test instrument requires a structure or system to access and ~ 
organize the necessary resources and personnel to produce a reliable 
and val'id testing instrument. It is recommended that a study be 

unlerta,ken to analyze and create a model for *es*: development to 

j' . ' . 

optilmize appropriate input and to stand- as a checklist for .procedure. 
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Hunter Colles'e 



360-5232 



February 23 » 1973 



Dr. Michael Szabo 

Associate Professor oi Education ' . - 

Pennsylvania Scite University 
177 Ch^nbcrs Suildin?; ' ^ 

University Park, ?A 16302 ' . 

Dear Dr.. Szabo: 

I vould be both ple.iscd /.nd hor.oreyd if yoa vould adept z,y Test of. 
Sci-iDce ?r? for ?or,r.?yivT:r.i3 state-^^'idc instructional tslTivi jic; . 

You ccTrtai'.Uy ii«ve sy j-emissisn to use the Test of Science ?ro^gs3t*s 
in this venture. 

If you wish to reduce the length of the test or ai.L?r it in any vay/ you 
will of course, have to recaiculacc tlie reliability, validity, and 

The artwork ar.d photO';ri;p*.:n -.rjiy pr?,r'nn!: vcu vich sotrethinij of a probltr.. 
Sor.e of the ori'inal arivork for cucstions i3 tr.rou;;h rt- ba 
available on 35=.- color' slijr^s "j-ut I vill h.Tivc: to' check r.y fil^s to 
determine if they are -^cill uS'ibiu. The r 2wt of the crtvork was piily 
done with s=ail clossy blaclc^rmd white- photographs viiic- wero directly 
attach.id to ch» cantrn-riran/ ccny r^nd c:ic.'^c vculd be unavailable si::re 
Tiie ccpy is >tlll the tod£ cold ion c i t;;^ printer. In atr.er vorcs, you 
nay have to redo airiest all of tho artvocic. - 

I hope that we can c.ctt tot:ether when you are in York in Miy ar.d ~lf- 
I can be of any assistance in furthering this project please let ne know. 

Sincerely yours, 

/'/'/•■* - 

Robert S. Tannenbaun, Ed.D.. 
Director ^cdiial Corcuter 
Science Pro'4;rax 
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Process I Observing 

7 • . ■ ^ I / 

In order for a student to demonstrate competence in using the process 
of observing, he should be able to do the following: ' ;/ 
Behaviors . | , Questions ' 

• ' \ ' 

1. Demonstrate an operational knowledge 
of the physical properties of objects. 14, 19 5, 7 

2. Identify and describe the results of ^ . 

- interactions of objects and ,systOTs of / ' 

objects. 17 ' 6 

,6. Distinguish among various spatial relation- 



TSF TTSP 



,1 • / 

ships of the objects within a giv.en system. 20 '8 



Process IT Comparing 

:ln ocder for a student to de.Vionstrate coinpete:i::e in using the process 

of comparing, he shpul'd be able' to do the following: ' ' ' 
Bohnvi.or.s ' ^. Ouestions 



• / 

11 ' Contrast on,, the basis of differences in 



TSP TTSP 



their physical properties, two or nore* of 

each of the t ollovin;:; : ^ 1 

a. Ob-jects ' ' . - - ^ ■ . 

b. Systef^.s of oV/jectF: 

* ■ • . • 

c. InteractijOns ^of objects and of systom?; of objects 

d . Rt: ] at. j vo ; pos i f ions't^ of oh j ec t ' 

^ 94 
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-Process III Classifying 
In order to demonstrate competence in using the process of classifying,' 
the student should be able to do the following: 
Behaviors 



Questions 
TSP \ TTSP 



1. 



2. 



Group objects or systems of objects accordl^ng 
to a given property. 

Select and justify an/ appropriate property 
and group objects or 'systems of, objects 
according to that prLperty. | 

■ ! ' ■ ■ ^ • ■ ■ • 

Select and justify tvo or more appropriate 



\ 



10 



\, 2 



11 



simultaneous properties and group objects 

or systems of objec^ts Recording to these 

I 

properties. * \ 

- / ■ ■ . ' ^ ^ ■ 

A.. •' Given a group of ob|ect3, identify the 



28, 29 



property or 
grouped. 



properties on which they arc 



Process IV Quantifying 



11 



7 
'I 



In order .for a student t:o demonstrate competence in using the process 
of quantifying,, he shou]|d be able to do the followingc 



Behaviors 



Que.stipns 



1. DRmonst:rate an opers tional; knowledge of 
ordinal and cardinalj numbers up to one. 
million and of ncj.vit}ive nupibers. 



TSP !^ 



/ 32 



TTSP 



12 



96 



£4 



Be able to arrange and to read data in . 38, 39 '13, 14 

various graphic and tabular formats. t 40*, 41 15, 16 

. ' *■ \ • ' ^ '. • 

^ ft. \ ■ 

Process V Measuring , 

,■ . .* 

In order for a student to demonstrate competence in using the process 

• ' • ' 1 ^ ■ • . ■■■ ■ 

of measuring, he should be able to do^tne following: — 



Behaviors 



1. Demonstrate .ja;i operational knowledge of 



unifs of m^ks^re, the function of widely, 
accepted units, the names and appropriate 
. sizes of the most common units such as inch,; 

i 

. foot,, centi^ieuer, m»?ter, pouhd, quart', gram, 

kilogram,: liter, second, degree, /c.elsius,. etic 

■ / ■ . , ' ■ ' ' ' ' ' ' 
Demonstrate an operational knowl/edge of area 

/and volume in terms of one-, two-, and three 

dimensional measurements (e.g., a=l^ and 

a=lxw; \r=l-^, v=h x a-ljixl^; aA^ v=h x 1 x w)-. 

3«,"^ Be able to measure time, f 

■ ■ •, . /. . ■■ 

4. Be able to meast/r^ the rate of change of a 

/ i;:-.:-- . 

property of an fobject or a. sjystemjof objects. 

Represent and recogi^ize' the spatial relation- 

' » / , * ^ ' 

ships among twp or mere objects by ^ scale ! 
diagram (mapping). ' 



Recognize the approp}riatines'|S and limitations 
/ of mer.suflng 'devices in/a given situatidn. ' 



Questions 

TSP TTSP 

■ ■ - «» 

■ • 7 



52,/ 54 



56 , 



!44 



55 1 



/ 

63, '64' 

/ 8 

43 



.1 



) 



>9, 20 



62^, 66 124 , 27 



'21 
18 

22 



.25, 26 



■|17., 

















■ .« * 




\ 


■■ ' ■/ 








, /I ■ 
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: • ; . : one, two, "or" perhaps three stages is^ a matter still ! ; 

actively debated. For present j purposes, though, it 
■ will be convenient simply to acknowledge- s^ttending 
■ / , ^- as an initial event in learning, which may be . 

thought of as a state that cari be bften detected by 

observing what the learner is jlodking at or 

listening to. (Gagne, .1970, p. 72) 

This passage alludes to the process of observing as a. basic skill which 
underlies other processes. Such a relationship may exist among several' 
of the processes^.u_It is recommended that researcH be undertaken to 
fully define the processes of science. 

An important factor in measuring process skills at the intermediate 
level is the developmental factor. Piaget (1969) suggests that 
cognition is an invariant- developmenCalj process with qualitatively 
distinct differences between the stages of thought as the child moves 
to more mattrffe intellectual reasoning. It is during the intermediate 
grade levels that the student moves from the pre-qperational to the 
concrete operational stage of development'. These' stages of development 
r, have been identified in^everal studies (Johnson, 1975). Tests'of 
science processes given in those grades may tend to reflect 
differentiation in stages of development. It is recommended that 
research be conducted to identify the developmental variable and its 
influence on science process tes.ting. 

Questions relative to the procedure, used were identified . The 

TTSP was designed to be used on either black and white or color 

televisiorv^eceivers. Test content was chosen so that no benefit would 

I : • 

acruc !to those students who vic;^ the test in color. Several studies 

■ I ' 

[ *: 
I 

i; . . • • 83 



72 

: suggest that there is insufficient eviJlence to suggest that colder 

■ . ■ - 1 ■• ■ ■ ■ ' \ 

•will improve learning fron* television (Chu and Schramm, 1967). 

In ia study to measure t:.e relative effectiveness of two types\ 

of cueing (color and black/white), Lainberski (1975) f^unci; that black 

and white viewing/was significantly more favorable in an immediate 

^ ■ . ' ^ .• , '. 

testing situation, but found no significant difference attributable to \ 



cueing Lechaique at a two-week delayed test analysis. It is 
recommended that an experimental stydy be undertaken to substantiate 
or challenge this desrgn' vaf^ialDle. . 

It became__evident in the early stages of th6 study that the 
development of a test instrument involved the combined expertise 

from several sources. Identifiable areas of specialization were: 

I , . ■ , - 

' 0 • ■ ■ 

educational testing, and measurement , statistics, elementary science 
- instruct ij^n, television production ai.d direction, and instructional 
media res,carch, to name a few. The complexity of the creation of a 
modern test instrument requires a structure or system to access and "31 
organize the necessary resources and personnel to produce a reliable 
and valad testing instrument. It is recommended that a study be 
' unlerta.ken to. analyze and create a model for tes*: dt^velopment to 

j' ■ 

optjimize appropriate input and to stand- as a checklist for ..procedure. , 
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Hunter Clollege 



360-5232 



February 23, 1973 



Dr. Michael Szabo 
Associate Professor or Education 
Pennsylvania Scite University . 
177 Ch^nbcrs Suildin?; ^ 
University Park, ?A 16302 

Dear Dr.. Szabo: 



I would be both ple.-ised .',nd hor.oreya if yoa vould adopt =;y Test of,. 
Scl-irsce ?r? "rr^ for ?or,r.:5viv.lr.i3 state-^^-idc instructional tslevijio'.;. 
Yoa ccTrtainly ii«ve cy j-em.issisn to use the Test of Science ?rj^gs3>*s 
in this venture. 

If you wish to rcduc- the length of the test or aiirr it in any vay/ you/ 
will,, of course, have to recalculate the reliability,' validity, and 

The artwork ar.d phfJto<;rip'.:G -.rji-f pr?jrnnt '/cu with sotr.ethinij of a sroblc-r.. 
Sor.e of the ori'inal arivork :or cuciJtior.s i3 tr.rou;;h rt- iia/ ba. 
available on 35=-- color' sliJns I viil have: to' check r.y fll^s to 
determine if thcrv are -^c^ll us-ibiu. The r 2wt of the artwork was only 
done with s=ail clossy black^rvnd- whito. photographs viiich vero directly 
attach.^d to th» caViiTn-riran/ ccny ,ind cric^c vculd be u.t available si:: re 
The ccpy is >till the .-odico-: ion c C ti.^ printer. In otr.er vorcs, you 
nay have to redo ainost all of tha artvocV:. - 

I hope that we c.-^n c^ct together when you are in ^Icw York in Miy ar.d ~lf- -:. 
I can be of any assistance in furthering this project please let ne know. 



Sincerely yours. 



■■;.///•■ 

Robert S. Tannenbaum, Ed.D. 
Director, ■> Mcdiinl Corcuter 
Science Projrax 
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Process I Observing 

7 ' \ ^ I / 

•In order for a student to demonstrate competence in using the process 

of observing, he should be able to do the following: ' ;/ 



Behaviors ■ { 

• \ 

1, Demonstrate an operational knowledge 
of the physical properties of objects. 

2. Identify and describe the results of 

- interactions of objects and /systf^ms of 
objects. 

,6. Distinguish among various spatial relation- 
ships of the objects within a giv.en system. 



)ui 



Qu^ stions 



TSF 

/ 

14,. 19 



17 



20 



TTSP 



5, 7 



8 • 



Process II Comparing 

In ocder for a student to de.Vionstrace coinpete:i::e in using the process 
of comparing, he sh.ould be able to do the following: ' ' 
B^c^hnv u:)_r.'^ ^. OuQStior.s 

I : ' . TSP TTSP 

1^ ' Contrast on,, the basis of differences in ^ 
their pliysical properties, two or more* of 

each of the f ollo;;in;:; : ^ .7 .1 

a. Ob-jects ' ' . - ^ . . 

'.. ^ ' . ■ ' ■ • ■ ■ 

J b. Systef^.s of o^/ject^': '\ ■ . 

c. InteractijOns of objcicts and of systoms of objects ' 

d . Rt: ] a t. j vo ; po s i f ion oL oh ] e c L s ' 
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. -Process III Classifying ' . 

In order to demonstrate competence in using the process of classifying,* 
the. student should be able to do the following: 

Behaviors ■ . Questions 

■ ■ ■■■■ ■ ■ • "\ 

..- TSP \ TTSP 



1. Group objects or systems of objects accordl^ng 
to a given property. 

2. Select and justify an/ appropriate property 
and group objects or 'systems of. objects 
according to that prLperty. | 

■ ! ' — ■ ■ ■ 

•3. Select and justify tvo or more appropriate 

■ . , ' I • ■ - 

simultaneous properties and group -objects 

or- systems of objec^ts Recording to these 

I 

properties. 1 • \ 



\. 

\ 

\ 



10 



\, 2- 



27 



A.. Given a group of obn 



i ■ • 

3|ect3, 1 



28, 29 



dentify the 



property or 
grouped. 



properties on which they are 



"11 



3 I 



Process IV Quantifying • - ^ . 

" ^ - , t 

In order .for a student tfo demonstrate competence in using the process 
of quantifying,, he shou]|d be able to do the followingc 



Behaviors 

I 

1. Demonstrate an operstional; knowledge of 

ordinal and cardinalj numbers up to one 

lillion and of nej.vit}ive numbers. 

■■■■■\/ 96 ■ 



Questions 



TSP !l 



C 
/ 32 



TTSP 
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, Be able to arrange and to read data in 
various graphic and tabular formats. 



; 

■ • » 

38, 39 ^13, 14 
40, 41 15, 16, 



Process V Measuring . 

In order for a student to demonstrate competence in using the process 

of measuring, he should be able to do^tne following: 
* ■ 

Behaviors 



Questions 



1. Demonstrate jaiji operational knowledge of 
unifs of m^ks^re, the function of widely, 
accepted units, the names and appropriate 

. sizes of the most common units such as inch,; 
,.,foot,. centi^euer, m.^ter, pouhd, quart'; gram, 
! " kilogram,; liter, second, degree, /c.elsius,. etc. 

2. ^Demonstrate an operational knowl/edge of area 

■ /• . • 

/ and volume' in terms of one-, two-, and three- 
dimensional measurements (e.g., a=l^ and 
a=lxw; \^1^, v=h i a-ljixl^; aM v=h x 1 x w). * 
Be able to measure time. f 

.■ /. . ■■ ' 

Be able to measi/r^ the rate of change' of a 

■ . / i;:-.-- . 

property of an fobject or a/s|ystem|Of objects. 

5. Represent and recogrwize' the spatial relatioii- 

' » / ( * ^ ' 

ships among twp or mere objects by ^ scale ! 
diagram (mapping). ' 



Recognize the' appfopiriatenes's and limitations 



/ of mer.suring 'devices in/a giv^n situatidn. 
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52 J 54 

/ 

62^ 66 



56 

1- 

■ r 

551 



/ 

63, '64' 

/ 0, 

43 



7 



TTSP 



1-9, 20 
124, 27 



■21 
18 

22 



25, 26 



117., 
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Process VI Experimenting 

In order for a student to demonstrate competence in using the 
process of experimenting, he should be able to do the following: 
Use suitable experim:ental procedures in seeking solutions to 
problems, including possibly: 

Behaviors ^ Questions 

' TSP TTSP 

1. Design an investigation "^appropriate to the 
problem: 

a. Select, clarify, and state in testable 
terms (perhaps^ as ap answerable question) 

the primary variable to be investigated. 67, 71^ 28, 30 

b. Control, the variables • appropriately so - 
th^t logical" conclusions'* may be drawn 

with Tcgard to the primary variable. 68 - 29 

c. Distinguish between dependent and 

independent variables. 72 31 

2. Perform the investigation: • ' y 
Design, construct, or select, aild success- 
fully utilize apparatus to assist in data ** . 

gathering, where appropriate. 76 32 

Process VII Inferring 

In order for a student to demonstrate, competence in using the process 
of inferring, he should be able to do the following: 

d7 
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Behaviors 



Questions 
TSF ' TTSP 



92 



38 



94,-96 39, 40 



1. Identify the factor most likely to have 

caused a given change in a system. 
2» Identify and specify obseirvations which 

would be needed to justify a particular 

generalization. 
3. Be able to distinguish between a 

r.tatement based directly on observations 

ai\d one which is an Inference or a 

generalization. 

Process VIII Predicting 

In order for a student to demonstrate competence in using the process 
of predicting, he should be able to do the following: 



Behaviors 

1. Be able to detect or demonstrate crends in 
data (presented in many different ways) and 
be- able to use these trends to predict by 
extrapolation and/or interpolation. 

2. Devise and use simple means of checking 
-the accuracy of the predictions made. 



Questions 
TSP TTSP 



88, 89 35, 36 



84, 90 34, 37 



98 



87 



APPENDIX .C 

SCORING KEY FOR THE 
TEST OF SCIENCE PROCESSES 



J 
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Ins tructlons-f or- Administration- 



The — Test of Science -Processes requires students to read - ^ 

the questions carefully and then think logically before answering. 
Therefore, "it should be administered in a comfortable room, 
equipped with writing,, surf aces^ well lit, and QUIET , In short, 
as with most tests,, the most reliable results will be obtained 
under the best testing conditions. 

The total actual testing time is 73.minute§ or somewhat 
less than two regular- school petiods. The test must be ° . 
adminis*tered during two consecutive periods for the norms and 
reliabilities to be applicable. If absolutely necessary, the test 
may ,be split at about , the half-way point and administered at two , 
different times. However, in this pvent, the user must determine 
his. own reliabilities and norms. ' 

The first task of the teacher is to see that each student, is . 
seated comfortably with a good writing surface, at a distance from 
his neighbor which is great enough to preclude collusion, and that 
each has a test booklet (which is to remain closed until after, the 
instructions are completed), an ancwer Sheet;, and a piece of scrap 
paper (and a pencil if the test is to be machine scored). When 
this has been completed, the teacher should.* say: "I WILL NOIf READ 
THE INSTRUCTIONS ON THE FRONT COVER OF THE TEST BOOKLET OUT LOUD 
WHILE You READ THEM TO YOURSELVES.'* Then the teacher . should read 
the instructions on the- cover of the test booklet aloud WITH the 
students following along with her. 

The teacher should answer any reasonable questions which are 
raised during the instructions^ The teacher shouTd check to be. 
sure that all students are-filling in 'their answer sheets (nam6 grids, 
etc.) neatly and correctly. This* is especially important the 
sheets are to be machine scored.' .. * 

^ After the instructions have been completed and the .teacher is 
satisfied that they havc^been understood, he should say^' "NOW OPEN 
YOUR TEST BOOKLETS TO PACE TWO. YOU WILL HAVH ABOUT FQRTY-FIVE 
SECONDS FOR EACH QUESTION. YOU MAY BEGIN WORKING NOW ON QUESTION 
NUMBER ONE. KEEP WORKING RAPIDuY UNTIL I TELL Y.OU TO /STOP At . 
this point, the teacher must begin timing the first interval of 
the test. These intervals are designed to keep the students moving 
through the test and to force them to attempt- all sections of the 
test so that their ability t.o use all eight processes will-be 
sampled. 

At the end of each of the intervals , listed bqlow, the teacher 

should' say: *'YOU SHOULD NOW BE AT L£;AST AT QUESTION ON PAGE,. . 

[fill in the appropriate question and' page numbers shown below.] IF 
YOU- HAVE FASSED THIS,*KEEP GOING. IF YOU HAVE NpT YET REACHED QUESTION 



89 



\ SKIP IT NOW- AND START FROM THERE. I^ YOU SKIP QUESTIONS, 

BE SURE YOU ALSO' SKIP TO THE RIGHT ANSWER SPACE. IF YOU FINISH 
EARLY, JOU MAY GO' BACK AI^D WORK ON ANY QUESTIONS YOU .SKIPPED. 

' In the table below, the intervals are given in minutes. The 
tocher should wait for the appropriate number of . minutes to 
elapse, thqn r^set his timing device, and then make the* statement 
given above. The time required for making the statement should be 
included in the next interval (NOT added in between intervals). 



. INTERVAL 

After 9~ minutes 
After 7 minutes 
After 5 minutes 
er 5 minutes 



TABLE IX TIME INTERVALS 

STUDENTS SHOULD BE AT 

Question 13 on page 3 

Question 22 on page 4 

Question 30 on page 5 

Question 38 on page 5 



ELAPSED TIME 

9 minutes 
.16 minutes 
21 minutes 
26 minutes 



After 9 minutes, the teacher should say, "STOP I PUT YOUR PENCIL 
DOWN ANp CLOSE YOUR TEST BOOKLET. YOU MAY NOW TAKE A TWO-MINUTE 
BREAK. YOU SHOULD STRETCH AND RELAX, BUT DO NOT TALK." 



After 
After 
After 
After 
After 
After 
Atter 



2^ minutes 

7 minutes 
6 minutes 
3 minutes 

8 minutes 
5i minutes 
A minutes 



Question 
Question 
Question 
Question 
Question 
Questicr 
Question 



50 on page 7 
59 on page 7 
67 on page 8 ' 
7r on page Q 
79 on page 1.C 
84 on page 10 
90 on page 11 



^7 mintites 
44 minutes 
50 minutes^ 
53 minutes 
61 minutes 
65 minutes 
70 minutes 



After 5 minutes, the teacher should say, "STOPl. PUT YOUR PENCIL DOWN 
AND CLOSE YOUR "TEST BOOKLET. THIS IS THE END OF THE TEST. YOU MAY 
NOT DO ANT MORE WORK ON IT. I AM NOW GOING TO COLLETCT THE ANSWER 
SHEETS AND THE TEST BOOKLETS IN TWO SEPARATE PILES. PLEASE BE SURE ' 
YOU HAVE YOUR ANSWER SHEET SEPARATE FROM YOUR TEST BOOKLET.*' 

■ * 

T4iis copcludes the actual test administration. The next st^p 
is to follow the scoring instructions — either those contained in 
this manual, or those which accompany the special answer sheets and 
scoring keys.^ ^ • . 

-i ■. ^ ' 

£9 ' 
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Scoring Keys 
Total Test: 



TABLE III 



ITEM 
No. Ans. 



ITEM 
No. Ans« 



ITEM 
No.Ans, 



ITEM 
No . Ans . 



ITEM 
No. Ans. 



ITEM 
No. Ans. 



1 


1 


17 


5 


33 


5 


49^- 


5. 


65 


2 


81 


2 


2 


5 


18 


4 


34 


5 • 


50 


-5 


66 


2 


82 


4 


3 


3 


- 19 


2 


35 ■ 


5 


51 


4 


67 


1 


83 


5 


.4 


1 


20 


4 


36 


1 


52 


4 


68 


1 


84 


2 


5 


2 


21 


1 


37 


2 


' 53 


1 


69 


3 


85 


2 


6 


5 


22 


3 


38 


5 


54 


4 


70 


2 


86 


4 


7 


3 


23 


1 


39 


1 


55 


2 


71 


1 • 


-• 87 


2 


8 


5 


24 


5 


40 


4 


56 


2 


72 


1 


■ 88 


2 


9 


4 . 


25 


4 


41 


1 


57 


5 


73 


5 


89 


3 


10 


3 


• 26 


5 


42. 


5 


58 . 


5 


74 


3 


90 


5 


11 


2 


27 


5 


. 43 


1 


59 


5 


75 


4 


91 


1 


12 


4 - 


28 


5 


44 


1 " 


60 


4 


76 


2 


92 


5 


13 


1 


29 


4 


45 


3. 


61 


l" 


77 


3 


93 


2 


14 


1 


30 


■ 3 


46 


'3 


62" 


1 


78 


2 


94 


1 


15 ° 


2 


31 


4 • 


47 


5 


63 


3 


79 


. 3' 


95 


4 - 


16 


3 


32 . 


1 • 


48 


4 


64 


1 ' 


80 


3 - 


96 


4 



Process I: 
OBSERVING 



Process II: 
COMPARING : 



Process III: 
CLASSIFYING 



Process IV: 
QUANTIFYING 



ITEM ■' 


ITEM 


ITEM 


ITEM 


No. Ans. I * 


No. Ans. 


No. Ans. 


No. Ans 


13 1 


3 3 


1 


1 


30 3 


14 1 ' 


7 3 


% 


5 ' 


31 ,4 


15 2 


22 3 


4 


1 


32 1 


16 3 


23 1 


5 


• 2. 


33 5 


17 5 


24 5 


6 


5' "= 


34 5 


18 4 




9 


4 


35 5 


19 2. 




^ 10 


3 


36 1 


20 4 




11 


2 


37 2 


21 .1 




25 


4 


38 5 






26 ' 


5 


39 1 






27 


5 


40-4 






28 


5 


41 1 






102 " 


4 
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Process V: 
MEASURING 

ITEM 
No.Ans. 

42 5 

.A3 1 

44 1 

• 45 3 

^46 3 





5 


•to 


4 


AO 


.J 


50 


5 


51 


4 


52 


4 


53 


1 


54 = 


4 


55 


2 


56 


2 


57 


5 


58 ' 


5 


59 


5 


60 


4 


61 


1 


62 


1 


63 


•3 


64 


1 


65 


-.2 



66* 2 



Process VI: 
EXPERIMENTING 

ITEM 
No . Ans . . . 

67 1 

68 1 

69 3 

70 2 

71 1 " 

72 1 

74 3 

75 4 

76 2 

77 3 



Process VII: 
INFERRING 

ITEM 
No . Ans . 

12 4 

.73 ' 5 ^ 

78 2 

79 3 

80 ' 3 

81 2 

82 4 

83 5 

85 2 
. 86 r4 

92' 5 ' 

94 1 

95 4 

96 4 



" Process VIII': 
PREDICTING 

ITEM 
No . Ans . 

8 5 

84 2 

87 2 

88 2 . 

89 ■ 3 

90 5 

91 1 
93 2 



Any departure from these keys (either accidental or planned) by the 
user, invalidates the corresponding norms, reliabilities, and 
validities. The user should, therefore, employ extreme care in 
following these keys to obtain raw scores. , ' 



1U3 
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APPENDIX D 
CREDENTIALS OF PANEL OF JUDGES 



ERIC 
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Panel of Qualified Resource People 



Dr. Dorothy E. Alfke , Professor of Science Education, The Pennsylvania 
State University ' ' ^ ,. ' 




Dr. Alfke has been engaged in science education for the past 
thirty-five* years since receiving a.B.S,, M.S., and Ph.D. 'fr^tn 
Cornell University. Her teaching experience includes five years in 
the New York public^ schools, a ye'ar teaching sixth grade in Thailand, 
and the remainder of her pareer in^higher education. In addition to 
' her- teaching duties. Dr. Alfke has functioned as an evaluator for the 
Pennsylvania' Department' of Education ;^nd as^ developer of science 
curriculum and materials. She is the author of several journal articles 
and serves on the writing team for the Teachers Guide and ITV Handbook ' 
for Teachers 6f the Soience for the Seventies ITV ir^source. 

Dr. Robert L.- Shrifeley , Professor of Education, The [Pennsylvania Stater 
University ^ ^ ^ , , . ^ - 

"Dr. Shrigley received a B.S. and M.Ed, degree from Ohio State 
.University and a D.Ed, from The Pennsylvania State University. His 
twenty-three years of educational experience include a year of teaching 
in the'^Ohio public schooTs, two years as" a science advisor at Kano 
Teachers College in Nigeria, and •ten years teaching Experience at the 
collegiate level. In addition to his teaching duties. Dr. Shrigley 
currently serves as a consultant to the Curriculum, Advisory Quarterly, 
Chicago, and to the National Association for Teachers of Biology. 
He is the chairman of an evaluation team for Title I programs, is the 
author of several articles dealing witha^attitudes of pre-servi,ce 
science taachers, and is a "member of the V7riting team for the 
Teachers Guide and ITV Hancj^ook for Tochers of the Science for the 
Seventies ITV resource. _ l , ' 

Dr. Michael Szabo , Associate Professor of Scienc§^* Education, 

The Pennsylvania State Ui\Lversity x ' . . 

Dr. Szabo earned a B.S. degree from, Taylor University and anM.S. 
and Ph.D. from Purdue University. His fourteen years in education 
include six years as a teacher of physics in the New Jersey and 
Indiana public schools and seven years at the collegiate level. Dr. 
Szabo has served as the assistant director of the Computer Assisted 
Instruction Laboratory at The Pennsylvania State University, as a 
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member of the Title III Proposal Evaluation Team for the Pennsylvania ' 
*Dfepartment of Education, , and* as a consultant Inr metric education *and 
evaluation. He has published several articles dealing with science 
processes and metric eduction, 

■ ' • " 

Dr« Paul W> Welliver > Professor of • Education, The Pennsylvania State 

: University ^ 

• • • ■ . 

. ■. * , .. 

Dr. Welliver'^eamed a B.A. degree from Western Maryland College 
and an M.Ed; and Ph.D. from The .Pennsylvania State University. His 
23 years -of educational exfiferience include fives years of teaching 
sCvience in public schools, a year as a science lecturer at the Oak 
Rid^e Institute of Nuclear Studies, five years as a television studio 
tfeacher, one year as a consultant in. science education, one 'year^ as 
director . of* the Mississippi Instructional Television Curriculum 
Laboratory^ two years as Director of Ediucation f or^ the Mississippi 
Authority for Educational Television, and six years teaching a't the 
collegiate level. Dr* Welliver is the project director for the , 
"Science for the Seventies'* program an4 as such is responsible for 
the supervision and preparatibn*of instructional lessons, tea'cher - 
orientation programs and testing. Dr. WelliVer is the author of 
numerous articles dealing with instructional development , instructional 
television and science education. He has' also written sevei^al source 
books in science for teachers. 
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APPENDIX E 

COMPUTER PRINTOUT OF SYNTACTIC DENSITY . SCORE 



1 ' 
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EKLC 



RK I.CS OK 



// EXKC 5;FT7Af,TRATK»TH,FO|«S=1li • ' 

rPK1il?T - S7hP WRr. RXKCI'TED - CONU CODE 0000 

I5-F37U STfrr-/ / r.TA«T 76127.2025 

trF.17iiT 5TH? / /STOP .^7^ 1 7. 20,? S .CfU OfllF 00. O'iSSC flAlN 

// rypC PPOr.xWTLOG, P.\Hn=;sy MTACTIC^HlFNSITTJ » , . 

- !;T»:r v*.': KXRcrn^sn - covn 9o:»r oooo 

Sjrp /DATA / START 7f.l?7.20?'i ^ 

/rr?rr p^'n ' 761^7. 2020 cpii oKiM oo.oessc MAirf' 121c lcs ok ^ 

// l-'»'l^'t»^'^?^n.nTSP'=(CLI>,PASS).rcn:i(RFCFn=FC.rPFCL=fl0,ni.K5l7.K»72O0l 

. //PATA,Tfjf»r:jf I'p nsNcr.r.innRx,"KTTrr.Y,raA,DTsp«(M«?w,rAss) , . ^ 
, //DATr.TNnir^n'i'''''^^ *^T.J^n,rrP.(FEtFf^WFp,LRFCL=.i2;ni.KSUF^7200) ' , 

t;T37?T 5TKP /DATA .SrAHT 7i,U7. 202^0 

/rplnv pnu ''"'^^ 7fii27..'07'-> CPU OHiN oo.sgsfc nAin imok lcs ok' • 

//St5ITK l)J>. tlNTT-(2UnO,,DS£En) ,VnL=.S:5nt^rDR2,lABKU2\ ' oMOOlOO 

//PATMNPKC I>n <fnTK^nr.IfmFX.nNTT^,SVsoA,01.SPMCtD.DFI.ETE) , ^ ' ' 

// •'il^U^E-'tcy.r.. (2'>;i0) ,PT.SF) ,ncn= (iaC5^!«H»-. tHBCL- }2.RLK.';r7.E=7700) ' ' 

>ri.F1tt2r - TTF''^ WAS EXECUrKD - COMD roPF OOCO • 
IlF.F37ir r.TKP /DATA / r.i'Anf>Th127,2C20 * ' 

rrF37m,:;TRP /data;- / 76l27.202f» CPU C«TN Cl.^ftSFC 1ATN lUOK tcs . Ok 

1FF375T .JOB /A»n020V START 7f. 1 ^ 7 . 202'-. ^..^^.h^rc IAIN IMOK ICS » OK 

ir.FJ7fr /Alin02n$/ stop 76V..7. 202*1 CP» ORI^N p2.2MSEC 
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• ij , ■ n IS A ntpp^em ccirp , 2 Tr. sniw . ? ir. shaileu rm ni m 

■/\ . . " / OTtlff:; ANr H I:; a r.IFPFPrilT^rOLOl' . l , 3 , U , AHO 5 ARE TIIS SAJIE SIZR 

K*'-.^ ' . U AMO 2 AH' CIlFFI'fNT FllOf! FACIf PTHFP . SAHPIE 1 FRDFD KOPR THAI 

- • SAIPin 2 Ml r,V.*FV «MI. CnHTTMIE TO fADP FOREVER TUB LONCEH Tlipt »PP. . 

-T— ^ V :'• « Li:'-T TM Til P SUN . [IKY PAPERMfFT IN THE SUN VILL FAnK . DOTII SARPIT?? 

/ •/ * FADED HdPr HY i:A1f < TIIMi TT HAD HY DW 2 . PAPKH ,«IU HH IN THR SDH , 

"*■' uWtOril WUL NCI . IliK WATEP U POILIHC TH- POT B . THK (JAS TS OU IH 

4 ' ■ ' ' , w. nu? 'if'^s hot vm tiir ras ir. oh «. the uatgh is not noil . 

. ■ • . iNi; Trt.po: A . xi'f; watf.p. ir, imiUKr, in pot d , miT it if) hot noiUKn^^iN 

^ • ; .. » p^^^ n ^ THR'i'f-'TTFii tiu: PATfp YOU sTArT WITH ,'THf: faster it whi. ?nm 

' Av - JH.-0 If? CUFFS . POT HAIEi! PHI^FZFS INTOMCT CUHKS FASTpP HOT V'AYrR 

. •• ■FBLF7FP AT.IlTfllEn TriTPh^TimfS THAN COI.n VA7ER , HOT WAtPJt FP^EZKS T.NTO 

• tCR'niPSn FfiSTSK mcmf. IT VWM Ofr TIIK RKPUIRERATOR . HOT HATEP HAKJ!S 

# STHflrt • :5TF.,'I1 KKFPS tllR' HI-FRir.tPr.TOR nCIlIR . SCREW'S 2 AHH 3 IIAVF IHG 

. um . r.cpfus" 2 Asn v'ArF .nTicKUiR to tiIEIR haurktu . r.onE scrkws m 

rt,\|tF. PPCP. A NFlAf MlilCII )S HOT" flACflHTTC . ALL THE SCPLWS VITII OK. IIEAHS 
I " Til Tllin MCTIirt APE r.TIt:KIK'! TO niFJP PAf.NFTi; , 1 AHD 'I AR? KOT 

■ " sttckin; to T1IF.TP mn-^r^ . wr, .vi<rh;i!T op 75 pouiinn oh the stpinh 

Alio KPFP AODIHR 1 - PPUlll) urU'llir. IIHTII. IT DPEAKS . IIAK(? A 100 - POUND, 
WETr.HT ON Tllfl rTFTPr, AH!» fEK IF IT PFKAKS . LET Till' TKO 100 t'OUND 
n.''Y?; PtlLI CN FACH Fltn 0. A PIECE OF THE r.TlJllIU Mtl» SEE IF IT finEA'KS . 
■ IIANC, 101 PCIUICS CN TRt; r.TPlKi; AND Sr.F.TF IT IIHEAKS , DOHIILE THE STniHU 

V..:" I AND HAH>; ^.0 poiiHiin FPon IT , A»ir; si;k Ivf ir hpeaks . mTMY the par at 

' ' • ! 100 r AN'D TI'RN n<'Ar!l am. THn KltflUFPS TaCHKCK YOUR AN.SHEnr. . heasiipf. 

V ■ THE I'AH at 120 C ANf THEN EAKE ^ OPAPII f^' AM. THE DIIHHIPS TO CHECt 

yniM: Afj'jv.p:! , P'it ali youp AtinKKPS ok tiV: chart ahp sie if tiiey look 

COFTFCT . fIfASiir't m PAP, AT LEAST 5 TinF.\llT Wi^R TRUPEKATUPES AHD 
CO?)PARE VHf.T YClirKIUn Wlfll YOIIPi,AHS«KPS . mSUHE THi: BAR AT ^0 C ANU 

■ ' AT m c m. fCTAPF wn!\T"YO<i Finn hith yoiiiKahshsrs . the niitn has 

REP!.R'!:I) Pnn prCTilPr.2'. THE WIPRS HKPF. TKlllTyNni) POP PICTHPB 2 . 
TUP t'lifH HAS !TC»Ft/F!M!l FOf! PICT'IPE 2 . THr iUTTFRY HAf. ELFCTRICALU 
PEaiAPr,''.D FOP PICTHBE 2 . tlFC.l HrfTY If. FI.OHI HfivTHROHCH THE RULD IN 
PIcniRF 2 . FINi: rjHF THrilC '^HAT DO:.}? HOT IIFT lUCUER HHFH IT IS HEATED . 

PT}!H Ml THE Turmrt that dc iif^T fa r Hior.f.n hiien thpy are heatfd . 

FTfin r.in TM'.Hi". THAr CFTf; PIilCKP HHEH IT ir. H1■^AT^|) , Plpn AM. THF 
TiItNfiS TM-n <;FT liM'.r.Flj Vtim THFY APE HFATFI) . FIS'I» AU THE TIIIIKJS THAT 

or H'vr (;HAfn;F :i:?F .HHnrTiiFY apf iisatep . 

NOPnAI. execution , OP DATA Tvkx V\m\m CnPLFTfO 



■i 
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" - - - - -oS/JbO LO/.OEP 

OPTIOI'5 Itr.KD - PPlNT,N0nAP,N0f.FT,CAI.L,RFli,»IOTETn,SI7.r=l l^l/Rtt.SAnEs^'CIO 



TEVlOOl 

inwiori 

TKV10C1 
IEW10O1 

Ti:wiooi 

TRW10C1 

irw 1001 

IFVtOCi 

TFwicor 
irM 100.1 
TKvipri 
rruicci 
rrv ICO 1 
i«:wioc 1 
irw 1001 

TEW 1001 



iiisvsnA 
iirriij^AA 

IIIVIQ 1 A 

111 pi 'nil 
Tit !■ fine 

III'- If PA A 

inrnpiu 

THEVOI'A 



TCTfL LFHi;T1l 3PSB 
KKTPV ArDRKSr. F0.17O 



IK«10C1 



VHftunr, - IINFESOIVBO RXTRRt L PKfF.rEKCF (NOCALI SPECIPIEU) 



llO 



OS/HO LOADER 

OPTIOMS VjrRO - PHINT.HOf1\P,Mr?LB7,CAll,RFS,N0TFt'?1,Sr7.P=1in7HM,HRMFa»»GO 



TFtf 1001 

irwiooi 

IFtflOCt 
IFHICCI . 

rnwiooi 
TFw irr 1 
lEuiroi 

irwiooi 

TKW1C01 
IFW IPC 1 

irv trc.i 

n« tcr 1 
iFMicn 

li'M IOC 1 
TKUIOQI 
IFVtOOl 
IKWlCCI 

TTWIOOI 

TFW rjo 1 
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(Part of Introdyctory Credits of SFTS Programs) 
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VISUALS 



EXPLANATORY INFORMATION 




(Practice Question 109) ' ' 

Here are 5 pieces of.papeib Which piece of 
paper is both black and square? 



I 



111 IT H'lliilSi'ii II 



(Showing How to Put Answ^er on Answer Sheet) 




(Practice Question 110) ^ 

Here is a baseball on a sloping board. VThen the 
ball is released, what direction will the ball 
go? - • 



(Introduction to Part One of the Test) 




(Introduction to Part Two of the Test) 
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EXPLANATORY- lOTORMATION 



(SFTS Logo) 




(Introduction) 



I I j ii PI 11^ wm . ^ I . i y i tv. »« 



(Narrator Introducing Test and Giving Directions 
for Taking the Test) 



(Showing How to Find Test Questions in Booklet 
Using Practice Question 110) 



■ 










1 - ; 




\ 


(Showing How to Find Que'stions on Answer Sheet) 
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VISUALS 



..EXPLANATORY IKFORMATION 




Question 1 , 

Is a picture of 5 pieces pf papier. Which 
statement identifies all the differences? 



«5? 



1 w 



Question 2 



This is a picture of 8 pieces of paper^ If you. 
group theij by shape, what is the smallest number 
of groups you can make? 



Question 3 . ' . 

■ . ■ » •* ^ 

Here are 7 toy airpla^tes. Airplanes 1, 2, 4, and 
6 makie up a special group. What does this group 
Include? . * 




Question 4 * 

This^ is a picture of pieces of paper. which were 
left in" the sun for different numbers of days. 
Which is the only thing you can say for sure, 
based on what you see in the picture? ^ 



j , ■ ■ - 



Question 5 

This is a* picture of 5 thing?. Which of them has 
volume? . o 
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VISUALS 




EXPLANATORY INFORMATION 



Question iS " - ^ , . 

There are two^pots of water on: a stove. Which 
choice is the best way of telling, how they are 
different? . 




Question 7 



Here are 5 objects. Which of them iis NOT in the 
same state of matter (solid, liquid, gas) as all 
the otherfe? ^ 







-1.1 








■ .1: 





















































Question 8 

This picture has 4 parts. E.ach part;^ shows a 
compass, a bar magnet and a curved magnet. 
In which two parts are three things arranged 
in the same way? . . 



Question 9 - 

Here are 5 objects, 
as paper weights? 



Wliich objects could serve 



Question 10 • ' 

Here arc. 6 objects. Which objects can be 
used for carrying water? 
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EXPIATORY INFORMATION 




Question 11 \ . * 

Here are 10 marbles and 5 other objects^ Which 
objects can be used to carry all 10 marbles at 
the sa&e time? vJij 

















Question 12 








Which temperature reading is 25 degrees lower 








. than 15** Fahrenheit? - ' 


U4^ 




f 






Question 13 ' ; 

This is a chart of information about 5 planets. 
Which of these planets has the longest year? 



Question 14 



Loojc at the chart-" again. Which 2 planets have 
about the same length of day? 



Question 15 

this is a graph of the boiling temperatures of 
6 different liquids. Which" liquid has the 
lowest boiling temperature?. 



Question 16 

Look at the graph aga^n. Which liquids have the 
same boiling temperature? 
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EXPLANATORY INFORMATION 



Question .17 

Here is a ball. Which of these woUrd be best 
for measuring the distance around this ball? 




Question 18 ^ . " 

Here are 2 clocks* In picture A it is 3:40 in 
the afternoon. In .picture B it is 6:10 that 
evening. How much later was picture B taken? 



Question 19. : . 

Which unit is used in expressing area? 
Question 20 

Which unit is used in measuring weighjb? 



Question 21 • 

This is a picture of n box with its measurements 
shown on it. \Vs\at is the area of the top of the 
box?. ^ ' . 



Question 22 • 

This is a marble and a ruler. If the marble 
rolls from point A to point B in 2 seconds at 
a steady speed, how fast is it going? 
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I I'li rP^ *^^av -^^^ 



EXPLANATORY INFORMAIION 



Question 23 



This is a picture of* a. Box and 5 drawings. 
Which is the best drawing of the. box? v'^ 




Question 24 

Wliich unit ^s used in measuring length^ 




Question 25 



This is a' ra^p. How far ,is, it from North To\m 
. to Birch Falls? . . 



Question 26' , . a - 

t ' 9 ■ 

''Look at the map aga'in. If, you were using the 
same scale to dt'aw another map, how far 'apart 
would you place two towns which -are 5 tailes Iron 

' each other? " . ' . 



Question 27 . 

In which pair are*' the units closest in size? 



Question 28 « ^ 

These are two i^j^^^^ cube trays. ' One is filled. v^ith 
very hot water and one with col3 water* Many . 
pedplp say: "HOT WATER MAKES ICE CUBES QUICKER 
THAN COLD WATER." Plan an experiment^ to test 
this.-^ Wliich choice would.be the b'cst statement 
for helping 'you? 
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Questloa 29 

If you want to test the statement: "HOt WATER 
MAKES let CUBES QUICKER THAN COLD WATER." which 
factor is the only one you should allow to change 
during the experiment? 



'J' 



r \ ; 





.Question 30 

This .is a graph of the results of an experime^t. 
200, seeds that were 10 years old arid 200 new 
. seeds were planted, in good soil and watered each 
day. ^ 

100 0I4 seeds' were put i,n a cool plEce 
100 old seeds were put in a warm place 
•100 new seeds were.put^in a cool place 
100 new seeds were put in a warm plac^ 
Five things which may affect .th€( growth of the 
seeds are: water, heat, soil, age, and light. 
Which of ''these were tested? . ' fx ' 



stion 31 



Look at the graph again. Here are some things 
you can see on the graph: 

1. 182 seeds sprouted 

2. 200. seeds wete 10 ^years old 

3. 200 seeds wei^e new ' ^ 

4. 200 seeds were kept warm 

5. 200 seeds were kept cool 

Which one happened because of all the others? 



Question' 32 .. ' c 

Here are 5 containers which will be left out in 
a thunder storm. Which is the best container to 
use to find out how many inches of rain will 
fall? ^ 
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EXPLANATORY INFORMATION 



Question 33 

Here are 4 screws and 4 magnets. Which statement 
CANNOT be 'made just from looking at the picture? 



Question 34 

Here is some string. The iaianuf acturer claims 
it will hold at least 100 JLbs. What is the 
best way to check* this? 



Question 35 

This is a chart of the change in length of a 
metal bar as it is heated. What is its length 
at AO'' C? 

Question 36 

Look at the chart again. \^at will the length 
of the bar probably be at •100*' C? 



Question 37 . " ^ 

What is the best way to check the answers to 
'the last, two questions? 



124 

■J 0 



113 



VISUALS 



EXPIATORY INFORMATION 



li 



Question 38 



V 



These are 2 pictures of 'a battery, a bulb, a 
switch, and some wires. Which is the only 
thing you can be sure is different between 
the pictures? 



Question 39 

If you want to prove that "NOT ALL THINGS GET 

BIG'lER AS YOU HEAT THEM," wha't would you need 
to do? ^ :/ . 




^Example of numbers used to introduce each 
question) ' , 




Question 40 " 

If you want to make this statement: "THE COLDER 
A CITY IS, THE MORE SNOW IT HJVS,' what do you 
need to krxow about some cities?. 




(Example of "WIPE" used on each question number) 



o 

ERIC 



ERIC 



114 



VISUALS 
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(End credits to part 2 of test) 
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INTRODUCTION TO TEXT 
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PAiSr I 



V VIDEO 

•SFTS Film Open 

Dissolve to, slide of title 
^on^'studio monitor; • 

Zoom out on monitor to 

Include Steve« 



AUDIO \ 

Hello. This' is the "Television Test 
of Sciencfe Processes" Fart I. Unlike 
many, of the tests you take . in school, 
this tesf will involve wha^t you see here 
on the television screen, .. Before we '\ . 
begin, however, we tiave ,two practice 
questions that will ishdw ybu how to take 
the test.. Look ar the >^ftrst; p age of your 
test booklGt, but] Ju ii oc ■ try to answer 
the. questions . until i tell you to begin. 



Punch test onto ^nonitpr. 
Gut to CU on camera. 



Cut to Steve and punch up 
answer sheet on monitors 
Cut to CU on camera. 



\ Here are two practice questions numbered 
\l09 and' 110. (Point) After -each 
\question are the answer choices marked 
A, B, ' C, D, and E. . 
(Point) 



Ni|)\fl» look at your answer sheet, 

^d.find answer spaces 109 and 110. 
Use the.se spaces to mark your answers, 
/to the practice questions when it is 
tiicne. Be sure to mark only one answer, 
using d pencil to darken the space 
under the letter of your choice. 



Cut . to Steve 



Punch up 109 slide on 
monitor. 

Cut to CU on camera. 



Before each question, the number of that 
question will appear on the screen like 
this. . . ' 



"Question 109". So you know which 
question we are on. Then you will see 
a picture on the. screen like this... 
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VIDEO , 
Cut to test picture. 



AUDIO 

and I will ask the samfi question you 
have in your test booklet: ""Here 
are five pieces of paper. ,Wiich 
piece of paper is both black and • 
square?" Now, we. will wait for one 
minute while you check your choices 
and mark your answer on the answer 
sheet. , (Hold 1 min.) 



Cut to Steve. 



Punch up test on 
monitor. 

Cut to test picture. 



Cut to answer sheet. 



Cut to 110. -i- 

Cut to test picture. 



Okay, you should have marked your 



answer by nnw. I.et^ chock it 



Choice "A" is the only piece of paper 
that is both black and square. While 
"C" is square, it is not black. 



On your answer sheet you should have 
marked space "A" hty number 109. "Now 
here is the other practice question. 



Question 110. 

"Here is a ::baseball on an inclined 
plane. When ^e ball is relieased, 
what direction will the ball /go?" 
(Hold 1 min.) 



Cut to Steve, 



Cut to answer sheet. 



Okay. The answer is "B" — "down the 
board." There are no trick questions 
in this test. On your answer sheet... 



you should have marked space "B" 
question 110. 



by 



When V7e begin the test, you will mark 
your answer to question //I by ifl on 
your answer sheet. (Point) 
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VIDEO 

Point td #1 



AUDIO 



Cut .to Steve. 



We will now pause for^ 1 minute so 

you may ask your teacher any questions 

you may have about taking the test. 



Cut to title slide. 



(Hold 1 min.) 

We are now rpaHy to begin-, 
qu€st;ion #1 in your test booklet, 



Slide of title. 



Close to^ Part 1. , 

This is the end of part one. We will 
continue with part two of the test at 
a later time. Thank you. 



INTRODUCTION TO TEST 



PART II 



' VIDEO 

SFTS Film Open. 

Dissolve to title slide 
on monitor. Zoom out to 
Steve. 



Cut to title. 



AUDIO 



Hello. Thfs is the "Television Test 
of Science Processes" Part II. At the 
end of part one you had answered 
questions 1 through -25. In part two,', 
we will' continue the test and you will 
answer questions 26 through 50. We 
will pause one minute* so you may ask 
your teacher any questions that you may 
have about the test. 

. (Hold 1 min.) 

We are no\j ready to begin, turn to 
question //26 in your test booklet. 



Slide of title.. 



Close of Part II _ . 

This 'is the end of the "television Test 

of Science Processes." Thank you. 
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/'■'. ■■ ■ 

TELEVISION TEST OF SCIENCE PROCESSES. 
FoiRM A AND B 
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DO NOT TURN THE PAGE. UNTIL THE TEACHER TELLS YOU TO DO SO 



TELEViSiON TEST 

. :. •of 

SCIENCE processes: 



INTRODUCTION 



This test is different than many of the tests you take. It will 
involve what you see on the television screen. Choose your answers 
from among the choices given in this booklet. Mark your choice on. 
the special answer sheet.. 

Below are two practice questions. These will help you to understand 
what you are to do. Wait for the television introduction 'before you 
begin. 



109. Here are 5 pieces of paper. "^Ihich piece: of paper is both 
black and square? ' 



A. 


1 


B. 


2 


C. 


3 


D. 


4 

r' 


E. 


5 



110. Here is a baseball on a sipping board, ^^len the ball is 
released, what direction will the ball go? 

A. up the board \ ' ^ ^ ■ s 

^ B. down the board \ 

C. stay where it is released \ . 

D. will rise in the air 

E. both A and B (meaning bbth up and down the board) 



DO NOT TURN THE ' PAGE U>;TIL THE fEACHER TELLS YOU TO DO SO 
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!• Here are 5. shirts. Which sliirts could be seen, easily in the 
dark? 

. A. ' 1 and 4 / 

B.; 2 and 3 . 

^ C. 1, 3, and 5 

D. 2, 4, and 5 

•■ E. 2, 3 and 5 ■ ■ 

2. This is a pictuve of 8 pieces of paper. Which pieces can be • ' 
taken away so that they are all o£ one color and all of one 
shape? 

A. 1 and 6 

B. 2 and 8 . - 

C. 2 and 7 . ' 

D. 1 .and '3 • " 

E. . 4 and 5 

.> 

3. Her.e are 5 objects. How are they all the same ? • 

A. They are used for eating. 

B. They 'are the same color. * 
-C. They are" made of wood. 

D. They are about the same size. 

E. They are about the same shape. ^ " 

4. This is a picture of 8 pieces of paper. Wliich piece's are black 
and have a triangular hole? 

A. 1, 4, and 6 

B. 1,2, 3, 4, and 6 i 

. C. 5 and 8 . " " 

D. 1^ A., 6, and 8 

E. 4 and 6 

'5. Ldok at the picture of the 8 pieces of paper again. Which pieces 
have square holes and are NOT black? 

A. , 2, 3, 4, and 7 

B. 5 and 7 

C. 5, 7, and 8 

D. 1, 3, 5, 7, and 8 . 

E. 2, 3, A, and 8 

6. .This is a picture of 5 pieces of paper. Which statement identifies 
all the differences? 

A. A is a different color. 

B. 2 is smaller. . 

C. 2 is snialJx^r than all the others and A is a different 
^'^^"^ color. ' 
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D. 1, 3, 4-, and, 5 are the same size. 

E. 4 and 2 are different from each other. 

This is a picture of. 8 pieces of paper. If you put them 
together biy color, what is the smallest number of groups you 
can make? 



10. 



A. 1 . 

■• B. . 2 

V C. 3 .n . ■ ■ \ ' " ■ 

D. 4 

. . E. ^5 ,- . 

Loolc at the picture^^ of 8 pieces of paper again. If you group 
them by shape, what is the ' smallest number of groups you can make 



A. 
B. 
C. 
D*. 
E. 



1 
2 
3 
4 
5 



Here are 7 toy airplanes. Airplanes 1, 2,4, and 6 make up a 
special group. .\>Tiat does this group include? 



A. 
B. 
C. 
D. 
E. 



The planes that are modern jets 

The planes that are not black and are modern jets 

The planes that are black 

The planes that are not black 

The planes that are gray and white old-time two-wing 
airplanes ' ^ . 



This is a picture^ of pieces of paper which were left in the sun 
for different numbers of days. Khich i^ the only thing you can 
say for sure , based on vrhat you see in the picture? 



A. 
B. 

C. 
D. 



Sample 1 faded more than sample 2. - 1 - 

All paper will continue to fade forever the longer 
you leave it in the sun. 
Any paper left in the sun will fade. 

Both samples faded more by day 5 than it had by day 2, 



E. ^o Paper will fade in the sun, but cloth will not. 

"I 

11. This is a. picture of 5 things, l^ich of them has volume? 



A. The block 

B. The square 

C. The circle 

D. The triangle . 

E. The curved line 
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12. This is a lima bean seed. Which choice best describes only 
what you. see? . 

■* • *• .' 

5 A. The seed is growing. 

B. Someone planted and watered the seed. 

C. The seed coat has split and a root and a- stem are 
coming out of the s^eed. . . 

D. A root is growing down and a stem is growing up. • ^ 

■; E. The seed has germinated, " / 

" * ■. ■ 

13. These are two pots of water on- a stove. Which choice is the 
best way of telling how they are different? 

A. The water is boiling in picture B. 

B. The gas is on in pictfure B. 

C. The water gets hot when the gas is on. 

D. The water is not boiling in picture A.- 

E. Thffe water is boiling in picture B, but it is not 
boiling in picture A. ' • * - 

14. Here are 5 ^objects. Which of them is NOT in the same state of 
matter (solid, liquid, gas) as all the. others? 

A. The pencil 

B. The water 

C. The- toy whistle 

D. .The ball 

E. The beads . * 

15. This^ picture has 4 parts^ Each part shows a compass, a bar 
magnet, and a curved magnet • In which two parts are three 
things arranged in the same way? 

A, 1 and . 3 . . 

■ B. 2 /nd 4 

1 and 4 ^ • . 

D^. 2 and 3 . . 

E. 1 and 2 ■ ' ' ' 

16. Here is a .candle. •> Which sent ence tells ,all that you can see i 
in the picture and no more? 

A. Someone is holding a candle which burning an\i 
giving off smoke* 

B. Someone has just lit •a candle. 

C. ,^ A boy is holding a burning . candle • 

D. Someone is about ^. to be burned by the candle he is 
holding • 

£• iWt:andle is burning and giving off light and heat. 
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17.. Which sentence best describes these two pi<;tures? 

. \ A. The objects are different, and they are arranged 

differently* • ^ ^ • v 

\ ^ ^ B;. The objects are different, and^ they are placed^ 
in -the. same way. 

C. The objects are the same, but JfcKey^re placed 
ff dif ferantly. fi 

D. Th(J, objects are the same, andf they are placed in 
the same way . 

E. ^. Picture 2 is a mirror image^bf picture 1. 

18.. This shows two things happening. Which sehteiice tells a way 
they are the same? ^ 

^ A. ; Something is burning in both. and; heating- something 
else. ■ ' . ■ .* ■ 

B. " Glass is used in both. 
*^ C. . There is a solid burning in both. 
^ ^ . D, Something iS .cooking in one; but in the othejr, 
something is b'eing lit., j . 
E. There is a liquid burning ip. both. . 

* " ' ■ ■ • . . " ■ ■ ■ . ■ ■ ■ • • 

19. This is a picture of 4 it^ms. . Which items are the same?. 

Afe'' 1 and 4 . \- * ^ 

B. 2 and 3 - " 

C. .1, 2 and 4 x , . ^ 

D. None i " 
. Ex .2 and.^ . . v ■ '\ * — -^^ ■ 

(J > - . .... ^ 

20. Here are 6 objects. , Which objects Sare round like a ball and 
not flat? . i, ' ' . . 

A. 1, 2y 3, 4, and 5 

B. 2,. 3, and 5 . • ' 
, ' G. 4 and 6 ^. ^ X 

D. '2, and 5 

E. a, 3, 4; and 5 



< 



21. 



Here are 5 ob^j^ts. Which objects could^servfe a*s paper weights? 

. A. 1, 3, 4, and 5 . . ' / ' ' . ^ : 

B'. 3 and 4 ' . 

1, 2, and 5. ^ ' ' * ^ . ^ 

D . " 2 and 5 " ^ . 'r ' ^ ^ 

.*E. 2, 4,^and 5 . . 
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22. Here 4re 6 objects. Which objects can be usfed for carrying 
..vater* _ . 

A. 1, 2, .3, 4, and, 6 

B. 1, 2, 3, and 6 . 

C. ^ 1, 2, 3, 4, and 5 o 

D. 1,' 2, 5, and 6 , * 

E. 1, 2, 3, and 5 

23. Herb are 10 marbles and 5 other objects. Which objects can 
be used to carry all 10 marbles at the same time? 

.' ■' ■■ / 

A. 1, and 5 . ^ 

^. B. 1 and 5 - 

C. 1, 3, and 4 • ' 

D. 1,2, and 3 ' 1 , 

E. 2, 3, 4, and 5 ; . • ^ . { * 

24. Which number is five hundred sixteen thousand, three-hundred 
• s ever! ty- two ? • • . • *' 

A. '576,312 • 

B. 572,316 
. ^ C. ' 516,372 

. D. 372,516 t - i 

' E. 516,370. , ' - • ' ; / 

25. Th'ese are 4 blocks. Which choice lists the blocks from 
shortest to tallest ? . 

A. 1, 4, 3, 2 
* E, 2,, 4, 3, 1 . 

C. 2,' 3, 1, 4 
p. 2, 3, A, 1 
E. 3, 2, A, r 

26. Which temperature reading is 25 degreeis lower" thap 15^ 
Fahcenhcit? . " J 

" A. -10° Fahrenheit ' / 

B. 15° Fahrenheit / 

C. -r25° Fahrenheit ' 

D. O"* Fahrenheit ^ 

E. 40° Fahrenheit 

27. Here are 50 straws. I^hat fraction of all the straws is on the 
dark paper? ^ ; 

A. 1/5 ' ^ . / 

B. ' 50/3 . ' . 
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C. 10/25 

D. 2/50 . . ^ 
-E. 1/10 

28. Here are 4 glasses of colored water. Wliich choice lists the' 
glasses from piost water to least water? 

A. 3, 1, 4, 2 ' 
B'^ ?, 4, 1, 3 

C. 4, 3» 2, 1 ' 

D. 4, 2, 3, 1 

E. 2, 4, 3, 1 I ' 

29. Which of these decimals is equal to 15/iOO? 

'~ A. .85 

B. .015 

C. .20 . ' ^ 

D. 1.5 - 

E. .15 " . • 



'30. • If the 17th of March is Saturday, what day of the week is the 23rd 
of March? ^ ' 

A. Sunday ' ' 

B. Monday 
Tuesday 

D. Thursday . . 

E. Friday 

31. This is a chart of informati.on about 5 planets. Which of these 
planets has the longest year? ' , . 

A. Jupiter 

B. Saturn - ^ 

C. Mars \. , * ^ 

D. • Mercury , . ^ ^ 

E. Uranus , » " 

32. Look at the chart again, \vliich 2 planets have about the same 
length of day? 

J A. Jupiter and Saturn 

B. Mars .ind Jupiter 

C. Mars and Uranus 

D. Mercury and Uranus 

E. No two 
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63.^ This is a gVaph of the boiling temperatures of 6 different liquids. 
Which liquid has the lowest boiling temperature? 

/ A. Liquid 1 •* • 

B. Liquid 2 ^ ' - \ 

C. Liquid 3 % 

D. Liquid 5 

E. Liquid 6 • . ^ 

34. Look at the'grapli again. Which liquids have the same boiling 
temperature? . • ' • 

o . ■ 

^ ^ A. 6 and 4, 

B. '3 and 4 ' 

C. 1 and 5 • " ' 

D. - 2 and 1 . , . . 

^ E. 3 and 5 . . ' 

35. Here is a ball. VJhich of these would be best for measuring the 
distance around this ball? 

A. Tape measure 

B. Meter stick ^ 
^C. Yard stick 

D. l^foot ruler 

E. 6-inch ruler 

36. Here are 2 clock?;. In picture A, it is 3:40 in the afternooa. 
In picture B, it is 6:10 xhot^ evening. How much later vas 
picture B taken? . . 

A. 2 hours and 30 minutes 

Fi. 6 hours^ and 10 niinules \ 

C. 3 hours and AO minutes V 

D. 9 hours and 50 minuLos 

E. 9 hours and 30 minutes 

37. This is a tliurmomctcr in n glass of water. What is the temperature 
of the water? . ^ , ■ 

• A. rahrcnhc'it . ^ 

B. 90^" FTihrenheit 

C. 20"^ Ccntii'mdo 

D. 20'' Fahrenheit 

E. 9^" Cont i grade . • 

f' . 

3-8. Here is a hex v;ith its measuroinenLs shown on it. There is also 
a drav/ini; of a hn:-. v;iiich bar, h<.'On ::calc(i dovn. One moasuremcnt 
is left out or rhr r.f.'ilo dra.v.vi nj; . V.'iint j^hould it ha? 
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,A. 1 inch 

B. 2 inches 

C. 3 inches 

D. A inches 

E. 5 inches 

39. Which unit is used in expressing area^ 



A. 


Inch 


B. 


Cubic centimeter 


C. 


■ Yard 


D. 


Square Yard 


•E; 


Me t er 



40. This is a balance scale with a toothbrush on one side. If'yt)u 
wanted to weigh the toothbrush, what would be the best objects 
to balance the scales? ' * 

A. The marbles - ' . " ' 

B. The. stones . ' 

C. The . screws 
- - D. The papers 

"E. The wires 

41. Wh\ch unit is used in measuring weight? 

A. Gram 

B. Kilometer ^ . 
C\ Cubic centimeter 

' D. Centimeter 

E. Meter , . 

42. This is a picturo of a box with its measurements shown on it. 
VJijat is the pxea of the top of the box? \ 

\ 

*A. - 20 square inches , . \^ 

B. 300 square inches \ 
' C. 35 cubic inches 

D. 160 square inches \ ' " ■ 

E. 35 square inches \ 

43. Thas xs a marble and a ruler. If' the marble rolls from point A 
to point B ill 2 seconds, at a steiidy speed,- how fast is it' going? 

A. 12 inches per 2 seconds , ■ ^ 

B. 24 inched per second - * 

C. 2 feet p!er second 

D. 1/2 fool per second 

E. 1 foot per second 
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44. • Thi3 is a picture of a box and. 5 drawings. .Which is the best 
■drawing of the, box? ■ 

A. 1 . - ' ' 

B. 2 . ' 

C. 3 

-r^ D. 4 , 

, E. - 5 ' ' ; 'V 

45. Which unit is used in measuring length? 

, - A. Centimeter * • 

B. Gram ^ ■ ■ " • ' 

C. Square yard ^ • ' ^ 

D. . ' ' Acre ^ ^ " ' 
' ■ eI. Qukrt 

^ ■ / ' , : ^ ; 

46.. This .Is a map. How fair is it from. North Town to Birch Falls? 

A. 9 miles 

' B. 18 .miles . .." * - . ' 

C. 4 1/2 iniles 

b. 27 miles 

E. * 6 3/4 miles ' ' 

; ' I. J 

47. Look at the inap again. If you were- using the same scale to draw 
.another map, how far apart would you place two towns which arc 5 
miles from each other? ' * " *. 

A. 10 inches- 

B. 2/5 inchjasv - . 

C. 5 inches - 

D. 15 inches . * 
E% ;L foot . 

48. In which pair are the units -closest in size? 

. • A. Pound nn^ . Kilometer 

B. Yard p.d meter ^ 

- C. ■ >reter and mile 

D. 'Gram and liter _ 

E. Ccntinioter and IJoot i • 

49. These are two ice cube trays. One-is, filled withivery hot v;ater 
and one with'cold water.\ Many people say: , ^*HOT VATER ^MAKES ICE 

'CUBES QUICKER THAN COLD WATER." Plan an experiment • to test this. 
Which choice would be the best statement for helping you? 

• , . ■■ ' 
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A«. The hotter the water you start with, the faster it 
''] -■ will freeze into' Ice-cubes. 

^ X , B, Hot water freezes into ice cubes fast. 
'V C. Hot water freezes at higher temperatures than cold 

■ water. 

D. Hot water freezes into ice cubes faster because it 
turns on the refrige^rator. 

E. Hot water makejs steam — steam keeps the refrigerator . 
* ' going. 

50. If you want to test the statement: , "HOT WATER MAKES ICE CUBES 
QUICKER WiN COLD WATER, "-which factor is the only one you 
should allow to change during the experiment? 

A. I'he temperature of the water you use . . 

B. The amount of water in each tray v 

C. The position of the trays in the freezer 

D. The refrigerator In which you put the trays 

E. The kind of trays you use ' ^ . 

51. Some things that can change during your*. experiment are listed . " 
below. Which one changes bec*ause of all the others? 

A. The kind of trays you use 

B. The refrigerator in wKich you put the trays . 

C. The time it takes for freezing 

D. The temperature of the. water you use ' 

E. The amount of water in each tray 

52. This is a graph of the results pf an experiment. '200 seeds tb?t 
were 10 years old and 200 new seeds were planted in good soil . 
and watered each day. . 

100 old 'seeds were put in a cool place 

100 p}d seeds were put in a warm place \ 

100 new seeds were put in a cool place 

100 new seeds were put in a warm place 

Five things which may affect the grov;th of the seeds are: water, 
heat, soil, age, and light. Which of these were tested? 

A. ' Heat and, age only 

B. Soil, hjCat and light only 

C. Heat, fijoilj-age and light only 

D. Water and soil only 

E. Water and age only 
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Look at the graph again. Here are some thlhgs you can see on the 
graph: 

i ■ 

1. 182 seeds sprouted 

2. 200 seeds were 10 years oljd y 
3^ 200 seeds were new . 

4. 200 seeds were kept warm 

5. 200 seeds were kept cool 

Which one happened because of all the others? 
A- 1 * 

B. 2 . ' 

C. 3 

D. 4 . ' 
E- 5 . . 

Look at the graph again. Here are five statements about this 
experiment : ^ 

1- More new seeds sprouted than old seeds. 

2. Heat makes a difference in how many seeds sprout. 

3. Age makes a difference. .in how many seeds sprout. 
.4. Water makes a difference in how many seeds sprout. 

5. Water did not make a difference in how many seeds 

sprouted. . . . 

Which of these can you find from the graph? 

A. 1 only 

B. 1,2 and A 

C. 1, 2 and 5 

D. 1, 2 and 3 ' 

E. 1-nnd 2 only • 

Look at the graph again. Some othet expGr,;Lments you coiild< do are >' 
listed on your answer sheet. Which one is not based on the experi- 
ment shown in tlie graph? 

A. A study of seeds of several ages 

B. A study of the effect of different soils on seeds 

C. A study of the heights of plants 

. D. A study of the effect. of different amounts of water 
on seeds 

E. A study of the- effect of different temperatures on seeds 
Look at- the r,^"*Tph once more. Wliy were AGO f:eed.s used? 
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A. AOO makes 4 groups of 100 each is a . round 
number. 

Experiments require exactly 100 samples in each group. 

C. . 400 were all the seeds that were available, 

D. The groups needed to bo large enough so that what 
was found out was not wrong due to chan'ce. 

£• . 400 happened to be .the number taken out of the bag. ^ 

57. Here ajre 5 cbntainers-^ which will be left out in a thunder storm. 
Which' is 'the best container to use to find out how many inches of 

' rain. will fall? 

A. 1 ' o 

B. 2 

C. 3 

D. 4 

- 

E. 5 

58. . This is a chart of wind direction at noon and midnight for one^ ' 

week. Which is the most general statemc^nt you can make based , 
on this chart ? \ ' 

A. The direction of the day winds ^is 180** different from 
the direction of the night winds. 

B. The direction of the wind . is . different at night than 
it is during the day.. 

C. There is always a v/ind. 

D. Day v;inds conie from the east and night winds come from 
the west. 

E. It is warmer during the day that it is at night. 

59. Here are A screws and A magnets. Which statement CAXMOT be made 
just from looking at the picture? 

A. Screws 2 and 3 have big heads. 

B. Screws 2 and 3 are sticking to their magnets. 

C. Some screws are nade from a metal which is not 
magnetic . . * - ' 

D. All the -screws with big heads in this picture are 
sticking to their magnets, 

E. Screws 1 and A are not sticking to their magnets. 
J. . 

60. Here is some string. The manufacturer claims it will hold at' 
least 100 pounds, Muit is the best way to chccjc this? 

A. Hailg a weight of 75 pounds 'on the string and keep 
adding l-pound .weights' until it breaks. 
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B. Hang a lOO-^pound weight on the string and see if 
it breaks* 

Let two ibO-pbund boys pull on each end of a pi^ce ■ 
of the .string and see if it breaks. 

D. Hang 101 pounds on ^the string and see if ir breaks. 

E. Double Che string and hang 50 pounds from it and 
see if it breaks. . 

61. Here is a balance scale and 6 -marbles. Marbles 1, 2 and 3 all 
weigh the same. X^ien marbles 1, 2, and 3 are put on one' side and 
•4, 5, and 6 are put on the other side, they balance; Which other 
facts do you need to know in order to say that. all the marbles 
weigh the same? ^ * 

A. Marble 5 weighs the same as marble 2. 
^ B\ Marble 5 weighs the same as marble 2 and marble 1. 

C. Marble 3 weighs the same as marble 6# 

p. Marble 4 weighs the same as marble 5 and marble 6, 
E. Marble 3 weighs the same as marble 5i 

62. This is a barometer. From reading it, which statement about the 
weather can you make? 

A. The barometric pressure is rising. 

B. You do not have enough information to tell you what 
will happen.. 

C. The weather is changing. 

D. It will rain in two days. 

E. The barometric pressure is falling. ^ - . 

63. This is a chart of the change in length of a metal bar as it is 
heated.. What is its length at 40® C? • 

A. ^ 101 centimeters - " 

B. 101.5 centimeters ' . 

C. 102 cent^Lmeters 

D. 102.5 centimeters 

E. 103 centimeters 



64. Look at the chart again, 
probably be at 100° C.?'* 



What will the length of the bar 



A. 103.5 centimeters 

B. * 104 centimeters 

C. 104 . 5 centimeters 

D. 105 xicntlmeters 

E. 105.5 centimeters 
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'65. What Is the best way to check the answers to the last two 
questions? 

A. Measui:e the bar at 100® C. and* then. graph all the 

numbers to check your answers. ' ^ . 
3. Measure the bar at 120® C. and then make a graph of* 

all the numbers to check your answers. 
C/ Put all your answers on the chart and see if they' 
' look correct. 

D. Measure the bar at least 5 times at other temperatures ^' 
and compare what you find with your answers. 

E. Measure the bar at 40® C. 'and at 100® C." and compare 
what you find with your answers. 

66. These are 2 pictures of a battery, a bulb, a switch, and some 
wires. Which is the only thing you can be sure is different 
between the pictures? ^ 

A. The bulb was replaced for. .picture 2. 

B. The w.ires were tightened for picture 2. 

C. The bulb was screwed in for picture 2. 

D. The battery was electrically recharged for picture 2.' 

E. Electricity is flowing through the bulb in picture 2.^ 

67. If you want to prove. that "NOT ALL THINGS GET BIGGER AS YOU HEAT 
THEM,", what would you need to do? 

A. Find one thing that does not get bigger when it is 
heated. 

B. Find all the things that do not get bigger when they 
are heated . 

' C. Find one thing that gets bigger when it is heated. 

D. "- Find all the things that get bigger when they are 

heated. y 

E. Find all the things that do not* change size when they 
are heated. 

68. If you want to make this statement: "THE COLDER A CITY IS, THE 
MORE SNOW IT HAS," what do you need, to know about some cities? 

' /. 

A. The average temperature* of each city and the number 
of snow plows each has ' 

B. The number oC days .school was closed in each city 
because of snow 

C. The avera^,n temperature and precipitation of each city 

D. The average temperature and average snowfall of each city 

E. The averap.e number times it: snows in each city 
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TELEVISION TEST OF SCIENCE PROCESSES 

Fora C 



TV TEST OF SCIENCE PROCESSES ' 
TEACHER'S TEST MANUAL 



Introduction r " 

■ , . i . 

' . . ■ ■ * » ' J 

This test is a modification of Dr. Robert Sher Tannenbaum' s 
Test of Science Processes . ;it has been adapted for television 
presentation-f or the intermediate grades in an. effort to assess the 
scientific- skills^ and abilities that ar^ emphasized in many of the 
modern science programs. Dr. Tannenbaum defines processes -and the'-^ 
function of the tiest'as:. o. > 

■ s 

""Processes'* are ways of doing things. For example, ' 
scientists have to be able to look at things very catefuliy and 
tell what they see. Scientists have to 'be able to measure and use . 
numbers. And, scientists have to be able to plan and understand 
experiments. This is a test of how well students can do some of 
the ^hings scientists' have to do. It is NOT-a test of how many' 
•facts they know about science. 

Preparation v _ " • - 

Allow sufficient time before the scheduled TV presentation to 
prepare the students for the TV test.* Following the introduction to 
Part I of the test:, there will be two practice questions to show 
your students the test format follov;ed immediately by the test 
questlpus. Be -sure your students have the necessary materials prior 
to the TV presentation. They shoijild have a pencil, a piece of 
scratch paper for doin^j any computations, an ahswer sheet, a^.d a 

tost booklet i^vddi-tional pencils and scratch p^per should be 

accessible to the students. D o not allow the students to open the 
test booklet prior to the TV presentation. D o not "prime*' the 
students in any way through your knoweldge of the test questions 
as this will nep.ate the test results* To help you regulate the 
time and reduce the chance of a period of inactivity prior to the 
TV presentation., you can have students • fill in tlie necessary studeat 
identification information on the ansv;er sheet until the presen- 
tation begins; and complete the information after the presentation. 

TV P re sent ation ' \ ^ j 

Information .rcgardinf$ the time of the TV presentation of the 
Tele vjsion T^-s i of Scionco Proccq.scs will be given to you by your 
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school district.^) The TV presentation will consist of two 30. 
minute programs g:{jven one week- apart. Part I will include two 

/practice questions and question^ assessing the processes of . ' ' 
classifying, observing, coniparing, and jjuantiTying. Part II 
will not repeat any of the practice questions or directions, 
but will include questions assessing tha processes of measuring, 
inferring, experimentisng^'and predicting. The^^Jprograifis will 
present all the information necessary for the questions, including 
the visual presentation as well ^as the audio presentation of the 

, narration given in the test booklet. - " - k 

> . . ' ■ ' • / 

Test Booklet 

inform Students tliat they should not write in the test ^ 
booklets. The test booklets- contain the test questions and. answer 
choices that, are contained in the narration of the TV presentation.. 
While there ;,is no visual information on which to base answers, it 
is imperative that the students should not review any of the' test 
questions prior to the formal presentation: This additional "cue*' 
factor could invalidate thc^ test results by Introducing a reactive • 
effect of interac*tion effect^ 



Answer Sheet 

The answer sheet that is suppl^ied is a machine-scored type'. 
Instruct the students in the correct way to mark answers. The \ 
following diagram shows the correct way to fill o.ut the name block. 
Ansv;er spaces 13, 14, 19 and 20 are done incorrectly as an example 
of common .mistakes o±Len* encountered with those not instructed in 

the use of this type of answer sheet. 

, • . •* 

Be sure to tell your students to choose only one answer for 
each question and to fill- in the answer space with dark marks. 
If a student should change an answer, remind him to;€rase his first 
mark qompletely. If he breaks, a pencil he is to hold up his hand 
and thos teacher will giv'e hira a new one immediately. . 

There -wll] be a single answer sheet for the two TV programs. 
Be sure to use a student identification number ^to identify the 
students. Collect the ansv;er sheets and test booklets after each 
presentation and store in a safe place until they are requested. 
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DO NOT Tinei THE PACE UNTIL THE TEACHER TELLS YOU TO DO SO* 



TELEVISION 1 TEST\ 
of' \ ' 
SCIENCE PROCESSES 



\ •■ ■ 

■ ■\ ■ . .V- 

' . . i>rrRODUCTio:r \ 

\ 

This test is different than nany of the tests you take, lit .vill 
•Involve what you S2c on the television screen. Choose your, answers 
from among the choices given in this booklet. , .^ark your thoice or. 
phe special answer, sheet. 

Below are two practice questions. These will hel? you to understand 
what you are. to do. Wait for the television intrcduction before you 
begin. , . 

its* Here" are 5 pieces or 'paper. Vhich* piece of paper is both 
black and square? 

- -A. 1 *1 • ■ ■ • ' . ; ^ 

B. 2 

C. 3 

D. 4 

E. 5 - ■ . ■ 

1 

\ 

110. Here is a baseball. on a sloping board. When the ball is 
released, what direccicn will, the ball go? 

; \ ■ • i . 

A. up the board \ ' - 

B. down the board\ 

C. stay where it Is released 

D. will rise in thi" air I " 

E. both A and B (ne^^nin*; both' Up and doyn the board) 



DO NOT TURN THE PAGE UNTIL THE TEACHER TELLS VOU TO DO SO 
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1, This is a picture of 5 pieces of paper. Which. statement identifies 
all the differences? 



1. 



A. A is a different color . , 

, B. . 2* is snialler ^ . . , 

C. 2 is smallej: than all the others and A is a different color 

D. 1, 3, A, and 5 are the same size 

E. A and 2 are different froa each other 

This is a picture of 8 pieces of paper. If you group them by shape , 
what is >the smallest nurnSer of groups vou ban make? . , 



A. 1 

B* 2 

C, 3 

D, A 

E, 5* 



3. Here are 7 toy airplanes > Airplanes 1, 2 , A, and 6 raake up a special 
group. V/liat does this ^rcup Include ? ' \ 

• \ . • - ! ' ' 

A. * The planes that are modern jets , ' 

,B. The. planes that are not-'black and are modem jets 

C. The planes that are black . • 

D. ..The planes that are .not black 

E» The planes that are gray and white old- tine 2-wing ■ 
airplanes • ., 

-4 . This is a p'ictura of pieces of paner which vere lert in the sun 
for different nur-bors ot c.nvs. i'hich is the' only thing you cnn 
say for sure, baaed on vhat you see in the picture ? 

A. SanpVe l| faded more than saniple 2 
' B. All paper will continue to fade forever the longer they 

are leftj in the sun. 
' C. Any pdpe|r left in the- sun will fade. 

D. Both sW^les faded more by day, 5 than 'it had by day 2. 

E. ' Paper will fade in the sun, but cloth' will not 



5. This is a pictuWe of/5 things. Which of them has volurne?. 



A. 
B. 
C. 
D. 
E. 



1 
2 

3 
A 
5 
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6. There are two pots of water on a stove. Which choice is the best 

• way of telling "how they are different? 

^A. The water is boiling' in 'pot B • 

B. -The gas is on in pot B ' 

C. The water*-gets hot when the- gas is on 

• . D. J^L^^^ter is. not boiling in' pot A , 
* ' -E. The water. is boiling in pot B, but it is. not 
/ boiling in pot A- 

7. Here are 5 objects. l-Jhich of then is NOT in the same state of 
matter (solid, liquid, gas) as all the others? 

^ A. The pencil 

B. The water ' . 

C'. The toy whistle- - ' ' " . ■ 

D. The bail 

E; The beads ^ ^ 

8. This picture has 4 parts.. Each part shows a compass, a bar r.agnet 
and a curved "magnet . In which two parts are three things arranged 
in the same way? 

A. 1 and 3 ' ' . ^ . 

. B. 2 and A - 
■ C. 1 and 4 ■ ^ 

D. 2 and 3, 

E. 1 and 2 ^ 

9. Here are 5 objects. I-Thich objects could serve as paper weights? 

A. 1, 3,4 and 5^ • • \ 

B. 3 and 4 ■ ' * \ 
.-C. 1, 2 and 5 \ * 

• ■ D. 2 and 5 '> " \ 

E, 2, 4 and 5 

10. Here arc 6 objects. Which objects can be used f or\^carrying water? 

, . ■ \ 

A. 1, 2, 3, 4 and 6 

B. 1, 2, 3 and 6 . ' ' 

C. 1, 2, 3, 4 and, 5 " \ 
' D. 1,2, 5 and 6 

E. 1, 2, .3 and 5 . \. 

11. Here a*re 10 marbles nnd 5 other objects. Uliich objects can be used 
to carry all 10 marbles at ::lic same Lime? 

A. 3,3 and 5 

. B. 1 and 5 

' .. C. 1 , 3 and v4 

D. 1, 2 and 3 .153 

E. 2, 3,: 4 and 5 ■ ■ . 
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12. Which temperature reading is 25 degrees lower than IS"" Fahrenheit'? 



A. - lO"* Fahrenheit 

B. IS"" Fahrenheit 

C. - 25^ Fahrenheit 

D. ^ 0** Fahrenheit 

' E. '40'' Fahrenheit 



13. This is a chart of information about 5 planets. T-Jhich or "these 
planets has the longest year? 

A, Jupiter ... 

B, Saturn - ' 

C, ' Mars 

D, Mercury 

E, Uranus 

14. Look at the chart again. VJhich 2 planets have about the same length 
of day? 

A. Jupiter and Saturn , , 

B. Mars and Jupit.er 

C. Mars and Uranus 

D. Mercury and Uranu5 

E. No two ' . . " 

15. This is a graph of the boiling ter.pe.ratures of 6 different liquids. \ 
'^.•/hich liquid has the lo\;esr, boiling temperatiire? 

A. Liquid 1 . \ " . ■ 

B. Liquid 2 . 

C. Liquid 3 

D. Liquid 5 ' ' 

E. Liquid 6 

16. Look at thfe graph again. Wliich liquids have the same boiling 
temperature? , ' 

'/ A. 4 and 6 

B. 3 and 4 

C . ' 1- and 5 

D. 1 and 2 * 

E. 3 and 5 

17. Here is a ball. Isliicli of these would be best for measuring the 
distance around this ball? 

A. Tape measure 

B. Meter ntick 

C. Vara stick , 

D. . 1-toot ruler " ■* ^ . 

E. 6 inch ruler 10 i 



3.8. Here are 2 clocks. In picture A, it is 3:4.0 in the afternoon. In 
picture B it is 6:10 that evening. How much later was picture B 
taken? ^ 

A. 2 hours and 30 minutes 

B. 6 hours and 10 minutes 
3. 3 hours and AO minutes 

D. .9 hours and 50 minutes 

E. 9 hours and 30 minutes 

19. Which unit is used in expressing area? ' ' 

A. Inch 

B. Cubic centimeter 

C. Yard - ^ • 

D. Square yard 

E. Meter -> • • . 

20. Which unit is used in measuring weight? 

A. Gram 

■ B. Kilometer 

G. Cubic centimeter 

D. Centimeter > 

E. Meter 
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21. This is a picture of a ^)ox with . its measurements shown on it. What 
is the area of the top of the box? 

A. 20 square inches j ■ , 

B. 300 square inches 

C. 35 cubic inches . ' 

D. 160 square inches 

E. 35 square inches 

22. This is a marble and a ruler. If the marble rolls from point A to 
point B in 2 seconds at a steady speed, how fast, is it going? 

A. 12 inches per 2 seconds ^ 

•B. 24 'inches per second 

C. 2 feet per'second . • 

D. 1/2 'foot per second 

E. 1 foot per ^second 

23. This i^ a picture of a box and 5 drawings. Which is the best 
drawing of the ho^l 

A. 1 

B. 2 ■ " 

C. 3 
' D. 4 

E. 5 . '* ;/ 

24. Which unit is used in measuring length? 

A. Centimeter 

B. Gram ^ - 

C. Square yard ' 

D. Acre 

E. Quart 

25. Thi^ is a map. How far is it from North Tovm to Birch Falls? 

A. 9 miles 

B. 18 mil^s 

C. 4 '1/2 miles. 

D. 27 miles 

E. 6 3/4 miles . _ 

26. Look at the map again. If you were using the same scale to drav 
another r.ap, how far apart would you place two towns which are 5 
miles from each other? 



A. 10 inches 

B. 2/5 inches 
• C. 5 inches 

D. 15 inches 

E. 1 foot 
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27. In which pair are the units closest in size? 

A* Poimd and kilometer 

B. Yard and meterg^^ 

I - C. ^'Meter and mile - 

. D. Gram and liter 

E. Centimeter and foot 

28. These are tvo ice cube trays. One is filled with very hot water 
and one with cold water. Many people say: "HOT WATER MAKES ICE 
CUBES QUICKER TIUH COLD WATER." Plan an experiment to test this. 
Which choice would be the best, statenient for helping you? 

A. The hotter the water" you start with, the faster it 
will freeze , into ice cubes. 

B. Hot water freezes into ice cubes faster. 

'C. Hot water freezes at higher temperatures thancold 
water. 

D. Hot water freezes into ice cubes faster becausle it 
turns on the refrigerator. 

E. Hot water makes steam - steam keeps the refrigerator 
- " goi*>g. 

29. If you want to test the statement: "HOT WATER MAKES ICE CUBES 
QUICKER THAN COLD WATER." Va^icK factor is the only one you 
should allow to change during the experiment? 

A. The temperature of the water you use. , 

B. The amount of water in each Cray. 

C. The position' of the trays in the freezer. 

D. * The refrigerator in which you put the trays. 
•E. The kind of trays you use. / 

30. This is a graph of the results of an experiment. 200 seeds" that 
were 10 years old and 200 new seeds were planted in good soil and 
watered each dary. * , • 

100 old seeds were put in a cool place 

100 old seeds were put in a warm place 
\ 100 new seeds were put in a cool place 

100 new seeds w^rc put in a warm place 
Five things which may affect the growth of the seeds 'are: water, 
heat', soil, age, and light. \>7hich ^of these were tested? 

A. Heat and age only . 

B. Soil, heat and light only 

C. Heat, soil, age and light only \ 

D. Water and soil only 

E. Water and age only 
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31. Look at the graph again. Here are sorae things you can see on the 
gtaph: ' / ' 

1. 182 seeds sprouted 

2. 200 seeds were 10 years old 

3. 200 seeds were new 

4. 200 seeds were kept warm 

5. 200 seeds were kept cool 

Which one happened because of all the others? 

A. 1 ^ . . 

B. 2 

C. 3 

D. 4 

. ^ E. 5 " 

32. Here a.re 5 containers which will be left out in ^ thunder storm. 
Which is the best container to use to find out how many inches of 
rain will fall? 

A. 1 

B. 2 ' 

C. 3 

D. 4 , 

E. 5 - 

33. Here are 4 screws and 4 luagnets. Ifiiich statement CA^TNOT be made 
. just from looking at the picture? 

A. Screws 2 arM 3 have big .heads. 

B. Screws 2 and 3 are sticking to their magnets. 

C. Some screws are made from a metal which is not 

magnetic. ^ ^ . . - 

D~. All the screws with big heads ,in this picture are ' 

sticking to their magnets. • ' ' 

E. Screws 1 and 4 are not sticking to.'' their magnets . 

34. Here is some string. The manufacturer claims it will 'hold at least 
100 lbs. What is the best. way- to check this? 

A. "Hang a weight of 75 pounds on the string, and keep 

adding 1-pound weights until it breaks. 

B. Hang a IQO-pound weight on the string and see if it 
breaks. ^ " : 

C. . Let two 100-pound boys pull on each end of a piece of 

the string "and see if it breaks.. 

D. Hang 101 pounds on the string and see if it breaks. 

E. Double Che string and hang 50 pounds from it,^ r.: d 
see if it breaks. 
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This is a chart of the change in length of a metal bar as it is 
heated. What is its length at 40° C? ^ , 

A. 101 centimeters 

B. 101.5 centimeters 

C. 102 centimeters 
b. 102.5 centimeters 
E. 103 centimeters ' 

Look at the chart again, vill the length of the bar probably 

be at 100° C? ; 

A. 103.5 centimeters 

B. ' 104 centimeters . ■ , 

C. 104.5 centimeters 

D. 105 centimeters ' 

E. 105.5 centimeters 

What is the best way to check the answfers to the last two questions 

A. Measure the bar at 100° C. and then graph all the 
numbers to check your answers. 

B. Measure the bar at 120° C. and then inake a graph, of all 
the numbers to check your answers. ' 

C. Put all your answers -on the chart and see if they look 
correct. ' ' 

p. Measure the bar at least' 5 times at other temperatures 
and compare what you find with your answers. 

E. Measure the bar. at 40** C. and at 100° C. and compare what 
you find with yoiir answers. 

These are 2 pictures of a, battery* a bulb, a switch, and some 
wires. \Jriich is the only" thing you can be sure is different betvec 
the pictures? 

A. ' The bulb was replaced for picture 2. 

B. The wires were tightened for picture 2. 

C. The bulb was screwed in for picture 2.. 

The battery was electrically recharged'^^jf or picture '2. 
E. Electricity is flowing through the bulb in picture 2. 

If you want to prove that "MOT ALL THINGS GET BIGGER AS YOU HEAT 
THEM," VJhat would you need to do? 

A. Find one thing that does not get bigger when it is 
heated. 

B. Find ail the things that So not get bigger when they 
are heated. 

C. Find one thing that gets bigger when it is heated. 

D. Find all the things' that get bigger when they are heated. 

E. • Find all the things, that do not change size when they are 

heated. 
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"4b. If you want to make, this statement: "THE COLDER A CITY^IS, THE 
MORE SNOW IT HAS/' What do you need to know about\soae cities? 

A. The average temperature of each city and the number 
of .. snow plows each has,- ^ 

B. The number of days school was closed in each city 
because of snow. 

C. The average temperature and precipitation of each city. 

D. The average temperature and average snowfall of each 
■tity. 

E. The average number of times it snows in each city. 
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Discussion of Additional Findings 



In conjunction with the science supervisor and adhering to strict 
rules of confidentiality, two hundred, fifteen fifth grad^ students of 
the Lewisburg Ar^a School System were c^ded and scores_of_the^jr^^^^^^ 



perfqrmance on fifteen variables were recorded on a data matrix. Data 
were transferred to 'eDP_ cards and processed at- the Computer Center of 
The Pennsylvania State University using .the Pearson product-moment 
correlation and the Factor Analysis of the Statistical Package Program. 
Variables included: (1) the total score of ^he^^^gigj^njest oL___ 



Science Processes , (2) scores of those questions within the TTSP 
identified by Tannenbaum as classification questions, (3) the total 
score of The Science Process Test , (A) the:.time in minutes required by 
the students to take The Science" Process Te_s t. (5) the verbal score of 

' the Short Form Test of Academic Aptitude ::(SFTAA) , (6) the non-verbal 
score of the SFTAA, (7) l;he weighted totai score of the SFTAA, 
(8) .the reading vocabulary score of the Comprehensive Test of Basic 
Skills (CTBS), (9) the reading comprehensi-)n score of the CTBS, 
(10) the weighted language total score of the CTBS, (11) the math 
score of the CTBS, (12) the science score of the CTBS, (13) the 
social studies score of the CTBS, (lA) the scien'de grade on the mid- 
year report card given on a continuum of 0 through A, and (15) the 
Otis-Lenon T.Q. score recorded for those of the validity population 
who attended school in grade four in the Lewisburg Area School 
District.^ 
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/ ■ ,183 
' A summary df the Pearson product-moment correlation of the . ^- 

■' * ♦ ■ V 

fifteen variables is shown in Table- 11 in Chapter 4. \The -correlations 
of the TTSP total-i9cbre"with ^11 the variables, excepting variables 
2 and 4, were moderately to highly correlated and were significant atSi 

I • ■- 

the 'one percent level. The low co' ^elat ion between the TTSP and ^ 

variable 2, the identif iedclassif ication questions on the TTSP, 
could be explained by the small number of questions (four) identified 
as classif icatiort. The low correlation between the TTSP and 
variable 4, the time in minutes required to take The Science Process ' 
_Ji:e«t-^wa$-exi>ectedrr — Vartalilc 4 does not correlate with any of the 
variables. A low negative correlation is the cliaracteristic pattern 
for performance time with measures of achievement (Roberts, 1967). 

A summary of the factor analysis shows that all variables except 
2 and 4 have high factor loadings on Factor 1. In additiot/, Factors 
2 and 4 are dejEined by -one variable only and the variables ,that define 
Factors 2 and 4 are different. Therefore, it appears tHat all the 
variables assess one strong general factor. Table 12 ^hows a summary 
of the principle component analysis for Factor 1. The complete 
computer printout for the PPMCR and the FJLnal Program is shown in 
Appendix M. Factor 1 accounts for 65.71 percent of the variance. 
This was similar to what was found in the work by Tannenbaum (1968). and 
Ludeman (1974) . 

Tannenbaum, in searching for t^ho uniqueness of his subscores, 
subjected his data to a factor analysis 'of the matrix of inter- 
correlations of his siih^icorcs. He states: 

' '210 
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■■ • TABLE"i2 
PRINCIPLE COMPONENTS FACTOR ANALYSIS FOR FACTOR ONE 



VARIABLE 


FACTOR LOADING 


';A/ARIABLE 


FACTOR LOADtllG 


. 1 


.738 


.__ „_1..8_ 


.908: 


2 


.157 


9 


" . 879- 










3 


■ .889 


10 




A 


-.083 


11 


.891^ 


5 


.888 


12 


.876 


, 6 ^ 


.8A3 


13 


.89A 


7 


.9A9 


lA 


.7A9 , 






15 


.887 



The analysis was first performed with unity in the 
principle diagonal and the result was one general 
factor, about evenly weighted on all subscores, 
which accounted for about ten percent of the variance. 
No other factors accounted for as much as eight 
percent of the variance. 

By rotating the first two factors, it was possible 
to force them to appear to be a f irst-half-of-the- 
test factor and a second-half ~of-the-test factor. 
But this was not very obvious and a Inuch more 
defensible interpretation would be one general 
factor (perhaps "intelligence") and no other 
significant factors. (Tannenbaum, 1968, p. 114) 

It would seem that the most reasonable conclusion to 
be drawn from the factor analysis is that there is 
one large general factor • (probably ^'intelligence") 
which 'accounts for about half oC the non-error 
variance and that there are probably no other major 
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factors which involve more than one pf the sub-, 
scores- This leaves about fifty percent of the 
) non-error variance to be accounted for by the y 

individual subscores. (Tannenbaum, 1968, p. 117) 

Tannenbaum urges caution in the use of subscores due to their low 
reliabilities. 

The date of Ludeman (1974) did not permit rejection of the null 

form of his hypothesis that the Integrated Process which a given test 

item assesses will be indicated by the students* scores on the item 

having a significantly higher correlation with their scores. on that 

Integrated Process subtest than on any other subtest on the 

Individual Competency Measures. In his discussion, Ludeman concluded: 

To elucidate the absence of significant differences 

among the TSPT item ~ Individual Competency Measures 

subscale correlations, the intercorrelation among the 

Integrated Processes subscales of the Individual 

Competency Measures were calculated^. A t -test of ^ • 

sj.gnif icance of differences indicated no significant. 

differences at the .01 level. Thus, it can be 

argued that they are all measuring similar abilities ^ > 

and so. It would be very hard to find a test item 

that would correlate significantly higher with one. 

subtest than with another, (Ludeman, 197A , pp. 60-61) 

Factor 1 accounts for 65.71 percent of the trace on thp Principle 

Component Analysis, It could be inferred that approximately two-thirds 

of the variance of the measures of science processes can be accounted 

for by intelligence, reading ability, 'general achievement, etc. 

Possibly the characteristic being assessed in science process tests 

simply reflects general problem solving ability. Also, the unique 

skills and abilities identified as the^ processes pf observing, com- 

, paring, measuring, etc. are not totally unique or mutually exclusive. 
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While there is much agreement on the need for the benefit from 
including within the teaching-learning process activities which utilize 
those skills and abilities attributed to scientists and t^e scientific 
method which' collectively are called science ^frrocesses, a conclusion • 
can be drawn that there is no unified definition or enumeration of 
those separate and seraantically identifiable processes. Also, the 
validity of a test instrument designed to measure a student ^s 
performance in his ability to use those processes must, in the absence 
of 'an empirically unique characteristic or cognitive function, rely 
heavily on face or. content validity. A measure of the unique process 
ability or characteristic rests to a large degree -on inferences derived 
empirically from data which suggests performance on characteristics 
which are similar and generalixable within the perimeters of an 
accepted definition. 

In an effort to isolate the unique ability ar characteristic, 
the data generated from the validity study was further examined. Of 
• the fifteen variables sunimari?.ed in Table 11,. variables 2, 4, 7, 10, 
and 13 were eliminated from, the data. Variables 2 (TTSP classification 
score), A (TSPT time), 7 (SFTAA total score), and 10 (CTBS language 
total score) were dependent 5?cores; that is, these variables are the 
weighted sun of other variables, and eliminated from the data. 
, Variablc'lS (Otis-Lenon I.Q.) was eliminated because of the small 
number of data p"i^t^s in the'samp].e. 

Pearson product-moment intercorrelations were computed for. all 
variables andM:hen factor analyzed using the principal components 
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program Fanal. Interations were continued until a criterion of one 
percent of the total variance was met. Jn addition, factors were 
rotated-to simple structure using the Varimax program. Two factors 

were found. * '• ' • r 

A summary of the rotated matrix of factor loadings, is summarized 

in Table 13. 

TABLE 13 

THE ROTATED MATRIX OF FACTOR LOADINGS OF TEN -VARIABLES 



VARIABLE 




FACTOR 1 




TTSP 




•348, 


.763 ' 


TSPT 




.658 


.600 


SFT-VERB 




.872 


.32.6 


SFT-NON 


o 


.46A 


.748 


VOCAB 




• 

.836 


:433 


COMP 




.841 


.405 


MATH , 




.580 


.684 


SCIENCE 




.736 


.510 


SOC-ST' 




.768 


. 501 


'RPT-CARD 




.319 


.793 


The complete 


computer 


printout for the Variiiiax Rotation 


is shown ,. In 



Appendix 0. Given an arbitrary loading criteria of .3, all the variables 
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load significantly on both factors. However, the data shows the 
variables grouping more heavily on Factor .1 are the SFTAA verbal 
score,' the CTBS reading vocabulal^y score, and the CTBS reading 
comprehension score/ Those variables grouping more heavily on 
Factor 2 are the TTSP and the science grade on the mid-year report 
card. The Television Test of Science Processes , while moderately'to 
highly correlated with all the independent variables ^ is most highly 
Correlated on the factor rotation /With report card grades. If those 
characteristics identified, measured, and recorded on course grade 
report cards reflect student proficiency in the science processes to 
some degVee, it then must be inferred that the high correlation of 
the TTSP to these report card grades is a strong statement of 
criterion-^related validity of the instrument- A conclusion can be 
inferred from the data that the Television Test of Science Processes 
is a statistically reliable and valid instrument to assess achievement/ 
is the science processes for students in grades five and six. 

■ ■ ■ "V 
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APPENDIX 0 



COMPUTER PRINTOUT OF THE STATISTICAL PACKAGE 
.PROGRAM OF THE VALIDITY. SAMPLE ON TEN SELECTED VARIABLES 
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The Television Test of Science Processes 



In 1972, The Pennsylvania State Univerisity and the Pennsylvania 
Department of Education (PDE) devised a system for using instructional 
television as a major resource in the Implementation of Science for 
the Seventies (SETS) , a statewide thrust to assist elementary teachers • 
in a transition into some of the newer methods of teaching science. 
One of the objectives of this ITV resource is to measure student 
competency in the use of science processes' via a televised test. 

A review of the literature found no test with the combined 
requirements of being content valid for use by intermediate level ' . 
students and for administration via television. Of the available 
tests, the Test of Science'Processes (TSP) was found adaptable for 
revision because it possessed content validity. Most applicable to 
the SiFTS demands was its visual presentation mode which had implication 
for the television format. 

There were two aspects to the problem investigated in this study. 
First, could the TSP be modified for use by intermediate level 
students?^ Second, could the TSP be adapted as a reliable and valid 

c 

test for use through the medium of television? 

An item pool was generated from the ninety-six items of the TSP 
which were identified as representative of the process skills and 
their applicability to intermediate level students. 
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A prototype Television Test of Science Processes (TTSP) was 
formulated. The print component consisted of a. television test 
booklet and teacher's manual. The verbal message was ^nodif ied and 
subjected to two readability measures. Voqabulary and syntax were 
computed to be at the third grade level. 

The non-print component was. reviewed andL organized in a television 
script into the audio and visual modes. The total infpnnation utilized 
was the necessary introductory-comments and audio directions for test 
takipg and the narration of the test questions. Using the production 
studio of WPSX, Form A of the TTSP was produced on two-inch tape of 
broadcast quality. 

A study to ascertain the appropriate timing for each of the 
visuals was conducted^ A cutting time was generated for each question 
and the video tape was edited to become Form B of the test instrument. 
A pilot exposure to derive item analysis data was conducted and, based 
on their biserial coefficients and item difficulties, forty items were 
identified for inclusion into Form C. Revision of the entire print 
and non-print component- was affected. An edit of the video tape was 
conducted to include appropriate credits and to conform to the time 
limits of two thirty-minute programs required for public broadcasting. 

To determine^ validity, two hundred, fifteen students of a large 
central Pennsylvania school system were given the TTSP, the Science 
Process Test (TSPT) and the Science- Test of the Comprehensive Tests of 
Basic Skills (CTBS) . These and other data were factor analyzed. The 
TTSP, Form C was found moderately to highly correlated with TSPT and 
the Science Test of the CTBS. 

239 



-Test results from three thousand, four hundred eighty fifth 

t 

grade students from nineteen school systems were processed and used 
for developing initial rionns. 

The data suggests content validity, appropriate readability. 
Internal reliability coefficients, approximating' comparable reliability 
coefficients of tests of science processes, criterion related validity 
through moderate to high correlation with similar. instruments, and a 
norming' distribution with a moderate unimodal skew approximating a 
normal curve. It can be inferred that the successful formulation of 
the TTSP implies that the TSP has been modified for use for intermediate 
level students and has been adapted for use through the medium of 
television. 
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